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(57) The present invention provides a data manage-
ment apparatus for managing a plurality of data items
output by a plurality of communication devices that output
data. The data management apparatus includes a stor-
age section configured to store device identification in-
formation of each of the plurality of communication de-
vices in association with charge identification information
including either contractor identification information of a
contractor of a contract for using a relay apparatus that
is configured to transfer the plurality of data items to the

data management apparatus or acquirer identification in-
formation of a data acquirer who acquires the data from
the data management apparatus, and a charge amount
determination section configured to determine a charge
amount for each item of the charge identification infor-
mation on the basis of data communication traffic vol-
umes corresponding to data output from the communi-
cation devices of one or more device identification infor-
mation items stored in association with the charge iden-
tification information.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a communica-
tion terminal, a communication method, a program for
communication, a communication system, a manage-
ment device, a management method, and a communi-
cation control method.
[0002] Priority is claimed on Japanese Patent Applica-
tion Nos. 2016-193578, 2016-193579, 2016-193580,
2016-193581, 2016-193582, and 2016-193583, filed
September 30, 2016, the contents of which are incorpo-
rated herein by reference.

BACKGROUND ART

[0003] Conventionally, systems for collecting data out-
put by sensors installed in various places via a wireless
communication circuit are known. In Patent Document
1, a data collection system capable of indicating a timing
at which a sensor transmits data in a control unit is dis-
closed.

CITATION LIST

Patent Literature

[0004] [Patent Document 1]
Japanese Unexamined Patent Application, First Publica-
tion No. 2012-221206

SUMMARY OF INVENTION

Problem to be solved by the Invention

[0005] For example, a data processing technique in
which data is transmitted from a communication terminal
collecting data output by a sensor to a server via a wire-
less communication circuit is known. However, if data
processing is not performed at an appropriate timing,
there is a problem in that the data processing may be
affected by congestion in the wireless communication
circuit.
[0006] Therefore, the present invention has been
made in view of the above circumstances and an objec-
tive of the present invention is to provide a communica-
tion terminal, a communication method, a program for
communication, a communication system, a manage-
ment device, a management method, and a communi-
cation control method for minimizing congestion in a wire-
less communication circuit.

Means for Solving the Problem

[0007] According to a first aspect of the present inven-
tion, there is provided a communication terminal for trans-
mitting device data output by a communication device

via a wireless communication circuit, the communication
terminal including: a device communication unit config-
ured to receive the device data output by the communi-
cation device; and a communication control unit config-
ured to transmit the device data received by the device
communication unit to the wireless communication circuit
at a timing based on a state of at least one of the com-
munication terminal, the wireless communication circuit,
the communication device, and the device data or infor-
mation indicating a timing of transmission of the device
data received from a management device that is config-
ured to externally manage the communication terminal.
[0008] The communication terminal may further in-
clude a movement detection unit configured to detect
whether or not the communication terminal is moving and
the communication control unit may transmit the device
data when a first time has elapsed from reception of de-
vice data transmitted by the communication device if the
movement detection unit determines that the communi-
cation terminal is moving and execute a delay mode in
which the device data is transmitted when a second time
longer than the first time has elapsed from the reception
of the device data or an erase mode in which the trans-
mission of the device data is stopped if the movement
detection unit determines that the communication termi-
nal is stopped, on the basis of the state of the communi-
cation terminal.
[0009] The communication control unit may execute
the delay mode when the device data has a first attribute
and execute the erase mode when the device data has
a second attribute different from the first attribute, if the
movement detection unit determines that the communi-
cation terminal is stopped.
[0010] The communication control unit may execute
the delay mode when the device data has the first at-
tribute in which a transmission frequency is less than or
equal to a prescribed threshold value and execute the
erase mode when the device data has the second at-
tribute in which the transmission frequency is greater
than the prescribed threshold value if the movement de-
tection unit determines that the communication terminal
is stopped.
[0011] The communication control unit may execute
the delay mode or the erase mode on condition that an
instruction has been received from the management de-
vice that is configured to manage the communication ter-
minal via the wireless communication circuit.
[0012] The communication control unit may determine
whether or not to switch a process between when the
movement detection unit is configured to determine that
the communication terminal is moving and when the
movement detection unit is configured to determine that
the communication terminal is stopped, if a sector to
which the communication terminal belongs has been
switched in the wireless communication circuit.
[0013] The communication control unit may transmit
position information including a current position and a
moving direction of the communication terminal to the
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management device that is configured to manage a de-
gree of congestion in the wireless communication circuit
and determine whether to execute the delay mode or the
erase mode on the basis of information indicating the
degree of congestion in the wireless communication cir-
cuit received from the management device after the po-
sition information is transmitted, if the movement detec-
tion unit determines that the communication terminal is
stopped.
[0014] The communication control unit may transmit
position information including a current position and a
moving direction of the communication terminal to the
management device that is configured to manage a de-
gree of congestion in the wireless communication circuit
and transmit the device data at a timing indicated by tim-
ing information received from the management device
after the position information is transmitted, if the move-
ment detection unit determines that the communication
terminal is stopped.
[0015] The communication control unit may transmit
the position information including information for identi-
fying a sector of the wireless communication circuit to
which the communication terminal belongs to the man-
agement device and transmit the device data at the timing
indicated by the timing information, received from the
management device, for use after switching of the sector
if the sector of the wireless communication circuit to which
the communication terminal belongs has been switched.
[0016] The communication control unit may acquire a
disconnection timing that is a timing at which a base sta-
tion for providing the wireless communication circuit dis-
connects the wireless communication circuit on the basis
of the state of the wireless communication circuit and
transmit the device data via the wireless communication
circuit at a timing other than the acquired disconnection
timing.
[0017] The communication control unit may acquire
the state of the communication device and transmit the
device data received by the device communication unit
to the wireless communication circuit with a priority ac-
cording to the state on the basis of the acquired state.
[0018] The communication control unit may determine
whether the communication device is in an initial state or
a non-initial state on the basis of the device data received
from the communication device and transmit the device
data at a timing earlier than that when it is determined
that the communication device is in the non-initial state
when it is determined that the communication device is
in the initial state.
[0019] The communication terminal may further in-
clude a storage unit configured to store a reception his-
tory indicating that the device communication unit has
received prescribed data transmitted by the communica-
tion device in the initial state and the communication con-
trol unit may determine that the communication device
is in the initial state if the reception history is not stored
in the storage unit at a point in time at which the pre-
scribed data has been received from the communication

device.
[0020] The communication control unit may identify an
application that transmitted the device data and deter-
mine that the communication device is in the initial state
if the identified application is an application to be execut-
ed by the communication device in the initial state.
[0021] The communication control unit may transmit
the device data, which is output by an application to be
executed by the communication device in the initial state,
with a priority higher than that of the device data output
by an application to be executed by the communication
device in the non-initial state.
[0022] The communication control unit may determine
the priority on the basis of a combination of identification
information of the communication device and identifica-
tion information of the application outputting the device
data.
[0023] The communication control unit may determine
the priority on the basis of a time period during which the
device data is transmitted.
[0024] The communication control unit may determine
whether to transmit the device data with the priority ac-
cording to the state of the communication device during
each time period on the basis of a degree of congestion
during each time period of the wireless communication
circuit.
[0025] The communication control unit may sequen-
tially transmit a plurality of pieces of device data at a
random timing in a prescribed time range if the plurality
of pieces of device data having the same priority have
been received.
[0026] The communication control unit may determine
the priority on the basis of a radio wave state of a fre-
quency band for use in the wireless communication cir-
cuit until the device data is transmitted after reception of
the device data.
[0027] The communication terminal may further in-
clude a storage unit configured to store the device data
received by the device communication unit and the com-
munication control unit may transmit the stored device
data after the device data is stored in the storage unit
until a prescribed amount set in association with at least
either the communication device outputting the device
data or an attribute of the device data has been reached
on the basis of the state of the device data stored in the
storage unit.
[0028] The communication control unit may transmit
the stored device data after the device data is stored in
the storage unit until a total amount of device data of a
plurality of packets stored in the storage unit or the total
number of packets including the device data stored in
the storage unit reaches the prescribed amount.
[0029] The communication control unit may transmit
the stored device data after the device data is stored in
the storage unit until the prescribed amount set on the
basis of a frequency at which the communication device
outputs the device data has been reached.
[0030] The communication control unit may transmit
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the stored device data after the device data is stored in
the storage unit until the prescribed amount set on the
basis of an attribute of the device data has been reached.
[0031] The communication control unit may determine
the prescribed amount on the basis of details of the de-
vice data received by the device communication unit.
[0032] The device communication unit may receive a
plurality of pieces of device data from a plurality of com-
munication devices and the communication control unit
may transmit the plurality of pieces of device data before
the device data is stored until the prescribed amount has
been reached if device data having high-priority is includ-
ed in the plurality of pieces of device data received within
a prescribed period by the device communication unit.
[0033] The communication control unit may transmit
the stored device data after the device data is stored in
the storage unit until the prescribed amount determined
for each of a plurality of applications executable by the
communication device has been reached.
[0034] The communication control unit may also trans-
mit the device data output by another application among
the plurality of applications if the device data output by
one application is stored in the storage unit until the pre-
scribed amount corresponding to the one application
among the plurality of applications has been reached.
[0035] The communication control unit may transmit
the device data output by two or more applications preset
among the plurality of applications if the device data out-
put by the two or more applications is stored in the storage
unit until the prescribed amount corresponding to each
of the two or more applications has been reached.
[0036] The communication control unit may transmit
the stored device data after the device data is stored in
the storage unit until the prescribed amount correspond-
ing to a transmission destination of the device data has
been reached.
[0037] The communication control unit may transmit
the stored device data after the device data is stored in
the storage unit until the prescribed amount correspond-
ing to a time period during which the device data has
been received has been reached.
[0038] The communication terminal may further in-
clude a storage unit configured to store the device data
received by the device communication unit in association
with the communication device and the communication
control unit may transmit, via the wireless communication
circuit, latest device data received by the device commu-
nication unit if a difference between the latest device data
and immediately previous device data, which is stored in
the storage unit, associated with the same communica-
tion device as that of the latest device data is greater
than a prescribed transmission determination threshold
value on the basis of the state of the device data stored
in the storage unit.
[0039] The communication control unit may transmit
data for which the difference is less than or equal to the
transmission determination threshold value stored in the
storage unit before the device data is transmitted when

transmitting the latest device data for which the difference
is greater than the transmission determination threshold
value.
[0040] The communication control unit may determine
the transmission determination threshold value on the
basis of at least any one of a time period, a day of the
week, and a date. Also, the communication control unit
may determine the transmission determination threshold
value on the basis of a degree of congestion in the wire-
less communication circuit. The communication control
unit may determine the transmission determination
threshold value on the basis of a degree of congestion
in a base station that is configured to provide the wireless
communication circuit.
[0041] Also, the communication control unit may de-
termine the transmission determination threshold value
on the basis of a statistical value of a plurality of pieces
of device data stored in association with the same com-
munication device in the storage unit. Also, the commu-
nication control unit may determine the transmission de-
termination threshold value on the basis of a state of the
communication device indicated by the device data.
[0042] The storage unit may store the transmission de-
termination threshold value in association with the com-
munication device. Also, the storage unit may store the
transmission determination threshold value in associa-
tion with an application executable by the communication
device.
[0043] The communication control unit may acquire,
via the wireless communication circuit, the transmission
determination threshold value transmitted from a device
that is configured to acquire the device data. The com-
munication control unit may receive a specified frequency
at which the device data is transmitted via the wireless
communication circuit and determine the transmission
determination threshold value on the basis of the speci-
fied frequency.
[0044] According to a second aspect of the present
invention, there is provided a communication method of
transmitting device data output by a communication de-
vice to be executed by a computer provided in a commu-
nication terminal via a wireless communication circuit,
the communication method including: receiving the de-
vice data output by the communication device; and trans-
mitting the received device data to the wireless commu-
nication circuit at a timing based on a state of at least
one of the communication terminal, the wireless commu-
nication circuit, the communication device, and the de-
vice data or information indicating a timing of transmis-
sion of the device data received from a management de-
vice that is configured to externally manage the commu-
nication terminal.
[0045] It may be further detected whether or not the
communication terminal is moving, and the transmitting
may include transmitting the device data when a first time
has elapsed from reception of device data transmitted
by the communication device if it is detected that the com-
munication terminal is moving on the basis of the state
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of the communication terminal and executing a delay
mode in which the device data is transmitted when a sec-
ond time longer than the first time has elapsed from re-
ception of the device data or an erase mode in which the
transmission of the device data is stopped if it is detected
that the communication terminal is stopped.
[0046] The state of the communication device may be
further acquired and the transmitting may include trans-
mitting the received device data to the wireless commu-
nication circuit with a priority according to the state on
the basis of the acquired state.
[0047] The received device data may be further stored
in the storage unit and the transmitting may include trans-
mitting the stored device data after the device data is
stored in the storage unit until a prescribed amount set
in association with at least either the communication de-
vice outputting the device data or an attribute of the de-
vice data has been reached on the basis of the state of
the device data stored in the storage unit.
[0048] The device data received from the device com-
munication unit may be further stored in the storage unit
in association with the communication device and the
transmitting may include transmitting, via the wireless
communication circuit, latest device data received from
the communication device if a difference between the
latest device data and immediately previous device data,
that is stored in the storage unit, associated with the same
communication device as that of the latest device data
is greater than a prescribed transmission determination
threshold value on the basis of the state of the device
data stored in the storage unit.
[0049] According to a third aspect of the present inven-
tion, there is provided a management device for causing
a computer provided in a communication terminal to ex-
ecute a process of: receiving device data output by a
communication device connected with the communica-
tion terminal via a wireless communication circuit; and
transmitting the received device data to the wireless com-
munication circuit at a timing based on a state of at least
one of the communication terminal, the wireless commu-
nication circuit, the communication device, and the de-
vice data or information indicating a timing of transmis-
sion of the device data received from a management de-
vice that is configured to externally manage the commu-
nication terminal.
[0050] The state of the communication device may be
further acquired and the transmitting may include trans-
mitting the received device data to the wireless commu-
nication circuit with a priority according to the state on
the basis of the acquired state.
[0051] The received device data may be further stored
in the storage unit and the transmitting may include trans-
mitting the stored device data after the device data is
stored in a storage unit until a prescribed amount set in
association with at least either the communication device
outputting the device data or an attribute of the device
data has been reached, on the basis of the state of the
device data stored in the storage unit.

[0052] The device data received from the communica-
tion device may be further stored in the storage unit in
association with the communication device, and the
transmitting may include transmitting, via the wireless
communication circuit, latest device data received from
the device communication device if a difference between
the latest device data and immediately previous device
data, which is stored in the storage unit, associated with
the same communication device as that of the latest de-
vice data is greater than a prescribed transmission de-
termination threshold value on the basis of the state of
the device data stored in the storage unit.
[0053] According to a fourth aspect of the present in-
vention, there is provided a communication system in-
cluding: a communication terminal configured to transmit
device data output by a communication device via a wire-
less communication circuit; and a management device
configured to receive the device data transmitted by the
communication terminal, wherein the communication ter-
minal includes a device communication unit configured
to receive the device data output by the communication
device; and a communication control unit configured to
transmit the device data received by the device commu-
nication unit to the wireless communication circuit at a
timing based on a state of at least one of the communi-
cation terminal, the wireless communication circuit, the
communication device, and the device data, and wherein
the management device includes a transmission unit
configured to acquire information related to the commu-
nication terminal and provide the acquired information to
the communication terminal.
[0054] The communication terminal may further in-
clude a terminal transmission unit configured to transmit
position information indicating a position of the commu-
nication terminal to the management device; and a move-
ment detection unit configured to detect whether or not
the communication terminal is moving, and the commu-
nication control unit may transmit the device data when
a first time has elapsed from reception of device data
transmitted by the communication device if the move-
ment detection unit determines that the communication
terminal is moving and execute a delay mode in which
the device data is transmitted when a second time longer
than the first time has elapsed from the reception of the
device data or an erase mode in which the transmission
of the device data is stopped if the movement detection
unit determines that the communication terminal is
stopped, on the basis of the state of the communication
terminal, the management device may further include an
information reception unit configured to receive the po-
sition information from the communication terminal; an
acquisition unit configured to acquire a degree of con-
gestion in the wireless communication circuit on the basis
of the position information; and a determination unit con-
figured to determine the first time and the second time
on the basis of the degree of congestion acquired by the
acquisition unit, and the transmission unit may transmit
the information including the first time and the second
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time to the communication terminal.
[0055] The communication terminal may further in-
clude a storage unit configured to store the device data
received by the device communication unit in association
with the communication device, the communication con-
trol unit may transmit, via the wireless communication
circuit, latest device data received by the device commu-
nication unit if a difference between the latest device data
and immediately previous device data, which is stored in
the storage unit, associated with the same communica-
tion device as that of the latest device data is greater
than a prescribed transmission determination threshold
value, and the transmission unit may determine the trans-
mission determination threshold value used by the com-
munication terminal and provides the information includ-
ing the determined transmission determination threshold
value to the communication terminal.
[0056] According to a fifth aspect of the present inven-
tion, there is provided a management device for manag-
ing a timing at which a communication terminal, which
transmits device data output by a communication device
to a base station via a wireless communication circuit,
transmits the device data, the management device in-
cluding: an acquisition unit configured to acquire a timing
related to communication of the device data; and a com-
munication control unit configured to transmit timing in-
formation indicating the timing to the communication ter-
minal.
[0057] The acquisition unit may acquire the timing at
which each of a plurality of communication terminals is
configured to transmit a plurality of pieces of device data
and the communication control unit may further include
a transmission unit configured to transmit the timing in-
formation indicating the timing acquired by the acquisition
unit to the plurality of communication terminals.
[0058] For example, the acquisition unit may acquire
the timing on the basis of a number of communication
terminals within a sector of the same base station that is
configured to provide the wireless communication circuit.
The acquisition unit may acquire the timing on the basis
of a number of communication devices with which the
plurality of communication terminals within a sector of
the same base station that is configured to provide the
wireless communication circuit communicate.
[0059] Also, the acquisition unit may acquire the timing
on the basis of a priority of an application outputting data
to be transmitted, via the wireless communication circuit,
by the communication device with which the communi-
cation terminal communicates.
[0060] The acquisition unit may acquire a scheduled
transmission clock time at which each of the plurality of
communication terminals is scheduled to transmit data
and acquire the timing on the basis of the scheduled
transmission clock time.
[0061] The acquisition unit may acquire a scheduled
transmission clock time at which each of the plurality of
communication terminals is scheduled to transmit data
and a scheduled amount of transmission that is an

amount of data scheduled to be transmitted and acquire
the timing on the basis of a relationship between an al-
lowable amount of transmission corresponding to a time
period including the scheduled transmission clock time
and a total value of the scheduled amount of transmission
corresponding to the same time period.
[0062] The transmission unit may transmit the timing
information updated in accordance with a change in the
scheduled amount of transmission corresponding to the
same time period to at least one communication terminal
among the plurality of communication terminals. Also,
the transmission unit may transmit the timing information
to the communication terminal during a prescribed time
period on condition that a prescribed number (≥2) of com-
munication terminals or more are scheduled to transmit
data during the prescribed time period.
[0063] The transmission unit may acquire a priority of
data scheduled to be transmitted by each of the plurality
of communication terminals and transmit the timing in-
formation to the communication terminal during a time
period when a proportion of data having the priority higher
than a prescribed priority is greater than a prescribed
value.
[0064] The acquisition unit may acquire a deadline in
which the communication terminal transmits data and ac-
quire the timing so that the communication terminal is
able to transmit data before the acquired deadline. Also,
the acquisition unit may acquire the timing on the basis
of an attribute of the communication terminal.
[0065] The acquisition unit may further acquire the tim-
ing on the basis of the number of communication termi-
nals using a relay network in which a plurality of base
stations are accommodated. Also, the acquisition unit
may acquire timings, at which at least two communication
terminals among the plurality of communication terminals
transmit data for requesting updating of firmware, as dif-
ferent timings.
[0066] The acquisition unit may acquire a disconnec-
tion timing that is the timing at which the base station
disconnects the wireless communication circuit, and the
communication control unit may transmit the timing in-
formation including the disconnection timing acquired by
the acquisition unit to the communication terminal.
[0067] According to a sixth aspect of the present in-
vention, there is provided a management method for
managing a plurality of communication terminals that
transmit a plurality of pieces of data output by a plurality
of communication devices via a wireless communication
circuit, the management method including: acquiring tim-
ings at which each of the plurality of communication ter-
minals transmits the plurality of pieces of data; and trans-
mitting timing information indicating the timings that have
been determined to the plurality of communication termi-
nals.
[0068] According to a seventh aspect of the present
invention, there is provided a communication control
method of controlling a timing at which a communication
terminal transmits, via a wireless communication circuit,
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device data output by a communication device, the com-
munication control method including: acquiring, by a
computer, a disconnection timing that is a timing at which
a base station for providing the wireless communication
circuit used by the communication terminal disconnects
the wireless communication circuit; transmitting the dis-
connection timing acquired by the computer to the com-
munication terminal; and transmitting, by the communi-
cation terminal receiving a notification of the disconnec-
tion timing, the device data received from the communi-
cation device via the wireless communication circuit at a
timing other than the disconnection timing.
[0069] According to an eighth aspect of the present
invention, there is provided a communication system in-
cluding: a communication terminal configured to transmit
device data output by a communication device via a wire-
less communication circuit; and a management device
configured to manage a timing at which the communica-
tion terminal transmits the device data, wherein the man-
agement device includes an acquisition unit configured
to acquire a timing related to communication of the device
data; and a communication control unit configured to
transmit timing information indicating the timing to the
communication terminal, and wherein the communica-
tion terminal includes a device communication unit con-
figured to receive the device data; a terminal reception
unit configured to receive the timing information trans-
mitted by the communication control unit; and a terminal
control unit configured to transmit, via the wireless com-
munication circuit, the device data received by the device
communication unit on the basis of the timing information.
[0070] The acquisition unit may acquire the timing at
which each of a plurality of communication terminals
transmits a plurality of pieces of device data, the com-
munication control unit may transmit the timing informa-
tion indicating the timing acquired by the acquisition unit
to the plurality of communication terminals, and the ter-
minal control unit may transmit data on the basis of a
timing indicated by the timing information received by the
terminal reception unit.
[0071] The acquisition unit may acquire a disconnec-
tion timing that is a timing at which a base station discon-
nects the wireless communication circuit, the communi-
cation control unit may transmit the timing information
including the disconnection timing acquired by the acqui-
sition unit to the communication terminal; and the termi-
nal control unit may transmit the device data received by
the device communication unit via the wireless commu-
nication circuit at a timing other than the disconnection
timing included in the timing information received by the
terminal reception unit.
[0072] The terminal control unit may transmit sector
information for identifying the base station to which the
communication terminal belongs to the management de-
vice, and the communication control unit may notify the
communication terminal of the disconnection timing in
the base station acquired on the basis of the sector in-
formation.

[0073] The communication control unit may further no-
tify the communication terminal of a disconnection period
during which the base station disconnects the wireless
communication circuit, and the terminal control unit may
transmit the device data via the wireless communication
circuit during a period other than the disconnection peri-
od.
[0074] The communication control unit may provide a
notification of the disconnection timing using connection
control information used in connection control of the wire-
less communication circuit.
[0075] The terminal control unit may temporarily hold
the device data in a storage unit without transmitting the
device data during a prescribed period before the dis-
connection timing that is notified from the communication
control unit. The terminal control unit may determine the
prescribed period on the basis of a communication delay
time between the communication terminal and the base
station.
[0076] The terminal control unit may determine the pre-
scribed period on the basis of an amount of device data
received from the communication device. The terminal
control unit may determine the prescribed period in a
length differing for each application in which the commu-
nication device transmits the device data.
[0077] The terminal control unit may transmit the de-
vice data held in the storage unit when a random time
has elapsed after an end of the disconnection timing.

Advantageous Effects of Invention

[0078] According to the present invention, it is possible
to minimize congestion in a wireless communication cir-
cuit.

BRIEF DESCRIPTION OF DRAWINGS

[0079]

Fig. 1 is a diagram showing a configuration of a com-
munication system according to an embodiment.
Fig. 2 is a diagram schematically showing a flow of
data in the communication system.
Fig. 3 is a diagram showing a configuration of a com-
munication terminal according to a first embodiment.
Fig. 4 is a diagram showing a configuration of a data
management device according to the first embodi-
ment.
Fig. 5 is a diagram showing an example of a base
station DB according to the first embodiment.
Fig. 6 is a diagram showing an example of a com-
munication terminal DB according to the first embod-
iment.
Fig. 7 is a diagram showing an example of a table
showing scheduled transmission clock times for
each communication terminal stored in a storage unit
by a timing determination unit of the first embodi-
ment.
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Fig. 8 is a diagram showing a communication se-
quence in the communication system of the first em-
bodiment.
Fig. 9 is a diagram schematically showing a flow of
data in a communication system of a second em-
bodiment.
Fig. 10 is a diagram showing a configuration of a
communication terminal according to the second
embodiment.
Fig. 11 is a diagram showing a configuration of a
data management device according to the second
embodiment.
Fig. 12 is a diagram showing a communication se-
quence in the communication system of the second
embodiment.
Fig. 13 is a diagram showing an operation flowchart
of a communication terminal according to the second
embodiment.
Fig. 14 is a diagram showing a configuration of a
communication terminal according to a third embod-
iment.
Fig. 15 is a diagram showing a configuration of a
data management device according to the third em-
bodiment.
Fig. 16 is a diagram showing an example of a dis-
connection timing DB according to the third embod-
iment.
Fig. 17 is a diagram showing an example of a com-
munication terminal DB according to the third em-
bodiment.
Fig. 18 is a diagram showing a communication se-
quence in a communication system of the third em-
bodiment.
Fig. 19 is a diagram showing a configuration of a
communication terminal according to a fifth embod-
iment.
Fig. 20 is a diagram showing an example of a recep-
tion history DB according to the fifth embodiment.
Fig. 21 is a diagram showing a configuration of a
data management device according to the fifth em-
bodiment.
Fig. 22 is a diagram showing a communication se-
quence in a communication system of the fifth em-
bodiment.
Fig. 23 is a flowchart of an operation in which a com-
munication terminal processes device data in the fifth
embodiment.
Fig. 24 is a diagram showing a configuration of a
communication terminal according to a sixth embod-
iment.
Fig. 25 is a table showing an example of a relation-
ship between an amount of device data stored by a
communication terminal 2 and a radio resource oc-
cupancy rate in the sixth embodiment.
Fig. 26 is a diagram showing an example of a rela-
tionship between an amount of buffering and a radio
resource occupancy rate and a relationship between
an amount of buffering and a delay time in the sixth

embodiment.
Fig. 27 is a diagram showing a configuration of a
data management device according to the sixth em-
bodiment.
Fig. 28 is a diagram showing a communication se-
quence in the communication system of the sixth em-
bodiment.
Fig. 29 is a flowchart of an operation in which a com-
munication terminal processes device data accord-
ing to the sixth embodiment.
Fig. 30 is a diagram showing a configuration of a
communication terminal according to a seventh em-
bodiment.
Fig. 31 is a diagram showing an operation of a com-
munication control unit according to the seventh em-
bodiment.
Fig. 32 is a table showing an example of relationships
between a transmission method, a transmission in-
terval, the number of transmissions per unit time,
and a radio resource occupancy rate according to
the seventh embodiment.
Fig. 33 is a diagram showing a configuration of a
data management device according to the seventh
embodiment.
Fig. 34 is a flowchart of an operation in which a com-
munication terminal 2 processes device data accord-
ing to the seventh embodiment.
Fig. 35 is a diagram showing a communication se-
quence in a communication system S of the seventh
embodiment.

DESCRIPTION OF EMBODIMENTS

[Configuration of communication system S]

[0080] Fig. 1 is a diagram showing a configuration of
a communication system S according to an embodiment.
The communication system S includes a plurality of com-
munication devices 1 (shown as communication devices
1a, 1b, and 1c in Fig. 1), a communication terminal 2, a
data management device 3, and data acquisition devices
4 (shown as data acquisition devices 4a, 4b, and 4c in
Fig. 1). The communication terminal 2 can transmit de-
vice data received from the plurality of communication
devices 1 to the data management device 3 via a com-
munication network N1 and a relay network N2.
[0081] The communication network N1 is a portable
phone network and includes a plurality of base stations
5 (base stations 5a, 5b, and 5c in Fig. 1). Each of the
plurality of base stations 5 is, for example, an eNodeB in
Long Term Evolution (LTE). Each of the plurality of base
stations 5 are connected to a plurality of communication
terminals 2 via a wireless communication circuit. The
communication terminal 2 can transmit device data re-
ceived from the communication device 1 to the data man-
agement device 3 using the wireless communication cir-
cuit provided from the base station 5.
[0082] The relay network N2 is a network including an
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evolved packet core (EPC) such as a packet data network
gateway (PGW) or a mobility management entity (MME)
of LTE. A plurality of base stations 5 are connected to
the relay network N2. For example, the relay network N2
is connected to the data management device 3 via the
Internet.
[0083] The communication device 1 includes, for ex-
ample, a sensor, and transmits device data according to
an output signal of the sensor to the communication ter-
minal 2. The communication device 1 transmits and re-
ceives data to and from the communication terminal 2
through a wireless communication channel suitable for
communication over a relatively short distance such as
Wi-Fi (registered trademark) or Bluetooth (registered
trademark).
[0084] The communication device 1 is installed in a
vending machine, a vehicle, an office, a factory, or the
like and transmits device data including various types of
information capable of being collected in an installation
place to the data management device 3 via the commu-
nication terminal 2. When the communication device 1
is installed in, for example, a vending machine, the com-
munication device 1 collects information about a temper-
ature, the remaining change, the inventory of products,
the presence of surrounding people, and the like and
transmits device data including the collected information
to the communication terminal 2.
[0085] A volume of device data transmitted by the com-
munication device 1 is less than a volume of data of audio
and image data transmitted and received in the commu-
nication terminal such as a smartphone or a tablet and
a length of one piece of device data is, for example, 100
bytes or less. The device data transmitted by the com-
munication device 1 includes a device ID that is identifi-
cation information allocated to each communication de-
vice 1 and data including collected information.
[0086] The communication terminal 2 receives a plu-
rality of pieces of device data from a plurality of commu-
nication devices 1. The communication terminal 2 tem-
porarily stores the received device data and transfers the
device data to the data management device 3 by trans-
mitting the stored device data to the communication net-
work N1 at a timing indicated in a notification provided
from the data management device 3.
[0087] The data management device 3 is, for example,
a server managed by a communication carrier that pro-
vides a service using the communication network N1.
Also, the data management device 3 is a server that ex-
ternally manages the communication terminal 2. The da-
ta management device 3 provides the device data re-
ceived from the communication terminal 2 to the data
acquisition device 4 via the communication network N1
and the relay network N2.
[0088] Specifically, the data management device 3 col-
lects device data transmitted from the plurality of com-
munication devices 1 via the communication terminal 2
and the communication network N1. The data manage-
ment device 3 stores the received device data in a stor-

age medium such as a hard disk and transmits the device
data itself or information generated on the basis of the
device data to the data acquisition device 4 in response
to a request from the data acquisition device 4 (4a, 4b,
or 4c).
[0089] The data management device 3 determines a
timing at which each of the plurality of communication
terminals 2 transmits the device data and notifies the
plurality of communication terminals 2 of the determined
timing. The data management device 3 can prevent con-
gestion from occurring because it is possible to prevent
a large number of communication terminals 2 from simul-
taneously transmitting device data to the same base sta-
tion 5 or the same relay network N2 by appropriately de-
termining the timing at which the plurality of communica-
tion terminals 2 transmit the device data.
[0090] The data acquisition device 4 is a computer that
can access the data management device 3. The data
acquisition device 4 is, for example, a personal computer
(PC) used by a data acquirer who accesses the device
data transmitted from the communication device 1 to the
data management device 3 and the data acquirer can
read details of the device data transmitted by the com-
munication device 1 in his/her PC.
[0091] Here, when the communication device 1 is in-
stalled in a vending machine, the data acquirer is, for
example, a management company of a vending machine,
a beverage maker that manufactures products of a vend-
ing machine, a company that provides marketing infor-
mation, or the like. The data acquirer makes a contract
for acquiring data output by a desired application of a
desired communication device 1 with a communication
carrier that manages the data management device 3. The
data management device 3 stores an acquirer ID of each
data acquirer, device IDs of one or more communication
devices 1 selected by each data acquirer, application IDs
of one or more applications selected by each data ac-
quirer in association.
[0092] Fig. 2 is a diagram schematically showing a flow
of data in the communication system S. One communi-
cation device 1 can execute a plurality of applications
corresponding to a plurality of types of information. The
communication device 1 shown in Fig. 2 is installed in a
vending machine and can execute a temperature appli-
cation 111, a change management application 112, an
inventory management application 113, and a monitoring
application 114.
[0093] The temperature application 111 can transmit
temperature information indicating an internal tempera-
ture of the vending machine. The change management
application 112 can transmit change information indicat-
ing the balance of change of the vending machine. The
inventory management application 113 can transmit in-
ventory information indicating the number of inventory
products to be sold in the vending machine. The moni-
toring application 114 can transmit person detection in-
formation indicating a time when a person within a pre-
scribed distance from the vending machine has been de-
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tected.
[0094] Information to be transmitted by each applica-
tion is allocated to the data acquisition device 4 pre-reg-
istered by the data management device 3. In the example
shown in Fig. 2, the temperature information output by
the temperature application 111 is transmitted to the data
acquisition device 4a of the data acquirer who maintains
the vending machine. The change information output by
the change management application 112 is transmitted
to the data acquisition device 4b of the data acquirer that
manages products. The inventory information output by
the inventory management application 113 is transmitted
to the data acquisition device 4b and the data acquisition
device 4c of the data acquirer that provides the marketing
information. The person detection information output by
the monitoring application 114 is transmitted to the data
acquisition device 4c.
[0095] Also, a place where the communication device
1 is installed is able to be selected and the communication
device 1 may be installed within, for example, a car. When
the communication device 1 is installed within the car,
the communication device 1 can transmit the remaining
amount of gasoline, the remaining amount of battery
power, traveling data (a traveling distance, an average
speed, fuel consumption, a frequency of sudden braking,
and the like), position information, fault information of the
body of a car, and the like to the data processing device 3.

<First embodiment>

[Configuration of communication terminal 2]

[0096] Next, a configuration and an operation of the
communication terminal 2 will be described.
[0097] Fig. 3 is a diagram showing the configuration of
the communication terminal 2 according to a first embod-
iment. The communication terminal 2 includes a device
communication unit 121, a control unit 122, a network
communication unit 123, and a storage unit 124.
[0098] The device communication unit 121 is a wire-
less communication interface for receiving data transmit-
ted by the communication device 1.
[0099] The control unit 122 is, for example, a central
processing unit (CPU), and causes the storage unit 124
to store device data received via the device communica-
tion unit 121. Also, the control unit 122 reads the device
data stored in the storage unit 124 at a timing indicated
in a notification provided from the data management de-
vice 3 and transmits the read device data to the commu-
nication network N1 via the network communication unit
123.
[0100] The control unit 122 may transmit the device
data received from the communication device 1 at a clock
time set by the data acquirer received via the data man-
agement device 3. For example, the data acquirer can
set a clock time at which device data is transmitted to the
communication terminal 2 for each communication de-
vice 1 or each application. If the notification of the trans-

mission timing is not received from the data management
device 3, the control unit 122 transmits the device data
when a preset scheduled transmission clock time has
been reached.
[0101] The network communication unit 123 is a wire-
less communication interface for transmitting data re-
ceived from the communication device 1 to the commu-
nication network N1. For example, the network commu-
nication unit 123 can transmit and receive data to and
from the base station 5 of the communication network
N1 in accordance with an LTE standard.
[0102] The storage unit 124 includes a storage medium
such as a read only memory (ROM), a random access
memory (RAM), or a hard disk. The storage unit 124
stores a program to be executed by the control unit 122.
Also, the storage unit 124 stores the device data received
from the communication device 1 in association with a
device ID of the communication device 1 and a date and
time received from the communication device 1 on the
basis of control of the control unit 122.

[Configuration of data management device 3]

[0103] Fig. 4 is a diagram showing a configuration of
the data management device 3 according to the first em-
bodiment. The data management device 3 includes a
communication unit 131, a storage unit 132, and a control
unit 133.
[0104] The communication unit 131 includes a first
communication unit 1311 and a second communication
unit 1312. The first communication unit 1311 is a com-
munication interface for transmitting and receiving data
to and from the communication terminal 2 via the com-
munication network N1 and has, for example, a termina-
tion interface of a portable phone network. The first com-
munication unit 1311 may have a local area network
(LAN) interface for establishing a connection with a ter-
mination device of the portable phone network.
[0105] The second communication unit 1312 has a
communication interface for transmitting and receiving
data to and from the data acquisition device 4 via the
relay network N2. The second communication unit 1312
is, for example, a LAN interface.
[0106] The storage unit 132 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 132
stores a base station database (hereinafter referred to
as base station DB) in which identification information of
the base station 5 (hereinafter referred to as a base sta-
tion ID), the number of communication terminals 2 ac-
commodated by each base station 5, and communication
terminal IDs which are identification information of the
communication terminals 2 accommodated by the base
station 5 are associated.
[0107] Fig. 5 is a diagram showing an example of a
base station DB according to the first embodiment. The
number of accommodated terminals is the number of
communication terminals 2 in a state in which the wireless
communication circuit provided by each base station 5

17 18 



EP 3 522 574 A1

11

5

10

15

20

25

30

35

40

45

50

55

is used. The number of accommodated terminals is up-
dated under the control of the storage control unit 1333
to be described below. For example, the communication
terminal 2 moves and the number of accommodated ter-
minals is sequentially updated in accordance with a
change in the number of communication terminals 2 that
communicate with the base station 5.
[0108] Also, the storage unit 132 stores a communica-
tion terminal database (hereinafter referred to as a "com-
munication terminal DB") in which a communication ter-
minal ID is associated with a device ID that is identifica-
tion information of the communication device 1 with which
each communication terminal 2 can directly communi-
cate without involving the base station 5.
[0109] Fig. 6 is a diagram showing an example of the
communication terminal DB according to the first embod-
iment. In the communication terminal DB, an application
ID that is identification information of an application ex-
ecutable by the communication device 1 with which the
communication terminal 2 can communicate and an
amount of transmission data that is transmitted by each
application during one data transmission operation are
stored in association with the communication terminal ID.
[0110] In the example shown in Fig. 6, a case in which
the communication terminal 2 having a communication
terminal ID of 9001 receives data output by a communi-
cation device 1a having a device ID of 1001 and a com-
munication device 1b having a device ID of 1002 is re-
ceived is shown. The communication device 1a can ex-
ecute an application having an application ID of a51 in
which an amount of transmitted data is 10 bytes and an
application having an application ID of a52 in which an
amount of transmitted data is 20 bytes. The communica-
tion device 1b can execute an application having an ap-
plication ID of a51 in which an amount of transmitted data
is 10 bytes and an application having an application ID
of a53 in which an amount of transmitted data is 45 bytes.
[0111] Also, the storage unit 132 stores the data, which
is transmitted by the plurality of communication devices
1, received from the communication terminal 2 in asso-
ciation with the device ID of the communication device
1. Furthermore, the storage unit 132 may store a data
provision database (hereinafter referred to as a data pro-
vision DB) in which an acquirer ID of a data acquirer who
accesses the data management device 3 via the data
acquisition device 4 and the device ID and the application
ID of the communication device 1 and the application
registered as targets from which the data acquirer ac-
quires data are associated.
[0112] The control unit 133 is, for example, a CPU, and
determines a timing at which each communication termi-
nal 2 transmits data by executing the program stored in
the storage unit 132.
[0113] The control unit 133 includes a communication
control unit 1331, a request acceptance unit 1332, a stor-
age control unit 1333, and a timing determination unit
1334.
[0114] The communication control unit 1331 controls

transmission and reception of data to and from the com-
munication terminal 2. The communication control unit
1331 starts the reception of data from the communication
terminal 2 by providing a notification of an access point
name (APN) that is an address of a gateway of the com-
munication network N1 to the communication terminal 2
capable of communicating with the communication de-
vice 1 that outputs the data to be provided to the data
acquisition device 4. Also, the communication control unit
1331 functions as a transmission unit that transmits tim-
ing information indicating a timing determined by the tim-
ing determination unit 1334 to the communication termi-
nal 2 via the first communication unit 1311.
[0115] The request acceptance unit 1332 accepts a
request for selecting a communication device 1 and an
application that are targets from which data is acquired
from the data acquisition device 4. The request accept-
ance unit 332 transmits a list of communication devices
1 and applications that are targets from which data is
collected by the data management device 3 to the data
acquisition device 4 via the second communication unit
1312.
[0116] When the data acquirer selects the communi-
cation device 1 and the application from which data is
desired to be acquired from the list of communication
devices 1 and applications displayed via the data acqui-
sition device 4, the data acquisition device 4 transmits a
data acquisition request including information (e.g., a de-
vice ID and an application ID) for identifying the selected
communication device 1 and the selected application and
an acquirer ID, to the data management device 3. When
the data acquisition request is received from the data
acquisition device 4, the request acceptance unit 1332
performs registration in the data provision DB within the
storage unit 132 by notifying the storage control unit 1333
of the acquirer ID, the device ID and the application ID
included in the data acquisition request.
[0117] If a request for acquiring data from the data ac-
quisition device 4 has been accepted, the request ac-
ceptance unit 1332 provides data which is transmitted
by an application indicated in the request, received via
the communication network N1, by transmitting the data
to the data acquisition device 4 with reference to the data
provision DB stored in the storage unit 132. In the data
provision DB, the acquirer ID corresponding to the data
acquisition device 4 transmitting the data acquisition re-
quest and the device ID of the communication device
from which the data is provided to the data acquisition
device 4 of the acquirer ID are associated. In the data
provision DB, an application ID of an application that is
a target from which data is provided to the data acquisi-
tion device 4 of the acquirer ID may further be associated.
[0118] The request acceptance unit 1332 may accept
requests for selecting the same application to be execut-
ed by the same communication device 1 from the plurality
of data acquisition devices 4. When the request accept-
ance unit 1332 has accepted requests for selecting the
same application to be executed by the same communi-
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cation device 1 from the plurality of data acquisition de-
vices 4, the communication control unit 1331 provides
the plurality of data acquisition devices 4 with data trans-
mitted by the application indicated in the request among
pieces of data received via the communication network
N1.
[0119] The storage control unit 1333 writes data to the
storage unit 132 or reads data stored in the storage unit
132 on the basis of instructions from the communication
control unit 1331 and the request acceptance unit 1332.
For example, the storage control unit 1333 causes the
storage unit 132 to store device data received from the
communication terminal 2 by the communication control
unit 1331 in association with the device ID and the ap-
plication ID.
[0120] The timing determination unit 1334 determines
a timing at which each of the plurality of communication
terminals 2 transmits a plurality of pieces of data. The
timing determination unit 1334 determines a clock time
or a cycle at which each of the plurality of communication
terminals 2 transmits the plurality of pieces of data and
notifies the communication terminal 2 of timing informa-
tion indicating the determined clock time or cycle via the
communication control unit 1331. For example, the timing
determination unit 1334 determines a timing on the basis
of the number of communication terminals 2 within a sec-
tor of the same base station 5 that provides a wireless
communication circuit. The timing determination unit
1334 may determine a clock time at which the commu-
nication terminal 2 transmits data as the timing or may
determine a cycle at which the communication terminal
2 transmits data as the timing.
[0121] By referring to the base station DB stored in the
storage unit 132, for example, the timing determination
unit 1334 identifies the number of communication termi-
nals 2 located within the sector of each base station 5.
When the number of the communication terminals 2 lo-
cated within the sector of the base station 5 is greater
than or equal to a prescribed threshold value for which
a congestion state can be reached, the timing determi-
nation unit 1334 determines a timing at which each com-
munication terminal transmits data so that the number of
communication terminals 2 that transmit data at the same
time is less than or equal to a prescribed value. The timing
determination unit 1334 determines timings so that the
timings at which a plurality of communication terminals
2 transmit data are dispersed for a long time as the
number of communication terminals 2 within the sector
of the same base station 5 increases.
[0122] The timing determination unit 1334 may deter-
mine the timings on the basis of the number of commu-
nication devices 1 with which a plurality of communication
terminals 2 within a sector of the same base station 5
that provides a wireless communication circuit can com-
municate without involving the base station 5. In this
case, the timing determination unit 1334 identifies the
number of communication devices 1 with which each of
the communication terminals 2 located in the sector of

each base station 5 can communicate by referring to the
base station DB and the communication terminal DB
stored in the storage unit 132.
[0123] Then, the timing determination unit 1334 iden-
tifies the number of communication devices 1 within the
sector of each base station 5 by summing the number of
communication devices 1 with which each of the com-
munication terminal 2 can communicate. When the
number of communication devices 1 located within the
sector of the base station 5 is greater than or equal to a
prescribed threshold value for which a congestion state
can be reached, the timing determination unit 1334 de-
termines a timing at which each communication terminal
2 transmits data so that the number of communication
terminals 2 that transmit data at the same time is less
than a prescribed number.
[0124] The timing determination unit 1334 may deter-
mine a timing on the basis of a priority of the application
of the communication device 1 that outputs the data when
the timing at which each communication terminal 2 trans-
mits data is determined. For example, the timing deter-
mination unit 1334 sets a priority of an application that
outputs data for which real-time property is required so
that the priority is higher than a priority of an application
that outputs data for which the real-time property is not
required. Then, the timing determination unit 1334 spec-
ifies a timing at which data is transmitted for a commu-
nication terminal 2 capable of communicating with the
communication device 1 that cannot execute a high-pri-
ority application without specifying a timing at which data
is transmitted for a communication terminal 2 that can
execute a high-priority application.
[0125] For the communication terminal 2 capable of
communicating with both the communication device 1
that can execute a high-priority application and the com-
munication device 1 that cannot execute a high-priority
application, the timing determination unit 1334 may spec-
ify a timing at which data output by a low-priority appli-
cation is transmitted and may not specify a timing at which
data output by a high-priority application is transmitted.
In this manner, the timing determination unit 1334 can
prevent a transmission delay of data for which the real-
time property is required from being caused while mini-
mizing occurrence of congestion by determining a timing
on the basis of a priority of the application.
[0126] Also, the timing determination unit 1334 may
acquire the scheduled transmission clock time at which
each of the plurality of communication terminals 2 is
scheduled to transmit data and determine a timing on the
basis of the scheduled transmission clock time. For ex-
ample, the timing determination unit 1334 may determine
a timing on the basis of the number of communication
terminals 2 scheduled to transmit data at the same clock
time (or time period) on the basis of the scheduled trans-
mission clock time. The timing determination unit 1334
acquires a scheduled clock time at which the communi-
cation terminal 2 transmits data in advance, stores the
acquired clock time in the storage unit 132, and deter-
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mines a changed scheduled transmission clock time for
at least some communication terminals 2 for a clock time
matching a scheduled transmission clock time (or time
period) of a prescribed number of communication termi-
nals 2 or more.
[0127] The timing determination unit 1334 may acquire
information about a radio wave state in the vicinity of the
communication terminal 2 from the communication ter-
minal 2 and preferentially change a scheduled transmis-
sion clock time of the communication terminal 2 for which
a radio wave state is good to an early clock time if there
are a plurality of communication terminals scheduled to
transmit data at the same clock time. Thereby, because
the communication terminal 2 having a good radio wave
state can quickly complete data transmission, the present
invention is suitable for a case in which it is necessary
to perform data communication as quickly as possible
(e.g., when firmware is updated).
[0128] Fig. 7 is a diagram showing an example of a
table showing a scheduled transmission clock time for
each communication terminal 2 stored in the storage unit
132 by the timing determination unit 1334 of the first em-
bodiment. In Fig. 7, a plurality of communication termi-
nals 2 having communication terminal IDs of 9001, 9002,
and 9003 are scheduled to transmit data at 0:00. In this
case, for example, the timing determination unit 1334
determines to change the scheduled transmission clock
time of the communication terminal 2, which has the com-
munication terminal ID of 9001 and a relatively short in-
terval of the scheduled transmission clock time, to 0:01
and notifies the communication terminal 2 having the
communication terminal ID of 9001 of the changed
scheduled transmission clock time.
[0129] The timing determination unit 1334 may acquire
the scheduled transmission clock time at which each of
the plurality of communication terminals 2 is scheduled
to transmit data and an amount of scheduled transmis-
sion data which is an amount of data scheduled to be
transmitted and determine a timing on the basis of a re-
lationship between an allowable amount of transmission
corresponding to a time period including the acquired
scheduled transmission clock time and a sum of amounts
of scheduled transmission data corresponding to the
same time period. In the example shown in Fig. 7, the
sum of amounts of data scheduled to be transmitted at
0:00 is 10+25+50=85 bytes. The sum of amounts of data
scheduled to be transmitted at 2:00 is 10+25=35 bytes.
When the allowable amount of transmission in a midnight
time period from 0:00 to 6:00 is 50 bytes, the timing de-
termination unit 1334 changes a timing at which at least
any one communication terminal 2 of a plurality of com-
munication terminals 2 scheduled to transmit data at 0:00
transmits data because a sum of amounts of scheduled
transmission data at 0:00 is larger than the allowable
amount of transmission.
[0130] The timing determination unit 1334 sequentially
updates the table shown in Fig. 7. Specifically, the timing
determination unit 1334 updates the table shown in Fig.

7 every time update data of a scheduled transmission
clock time and an amount of scheduled transmission data
is acquired from the communication terminal 2.
[0131] When the update data of the scheduled trans-
mission clock time and the amount of scheduled trans-
mission data is acquired, the timing determination unit
1334 recalculates the number of communication termi-
nals 2 that transmit data at the same clock time and an
amount of scheduled transmission data at the same clock
time. The timing determination unit 1334 transmits timing
information updated in accordance with a change in an
amount of scheduled transmission data corresponding
to the same time period, to at least one communication
terminal 2 among the plurality of communication termi-
nals 2. For example, when a result of recalculation indi-
cates that the number of communication terminals 2 that
transmit data at the same clock time exceeds a threshold
value or that a sum of amounts of data that is likely to be
simultaneously transmitted exceeds an allowable
amount of transmission, the timing determination unit
1334 changes timings at which at least some communi-
cation terminals 2 transmit data and notifies the changed
timings to the communication terminals 2.
[0132] The timing determination unit 1334 may acquire
a deadline in which the communication terminal 2 trans-
mits data and determine a timing so that the communi-
cation terminal 2 transmits data before the acquired
deadline. For example, the timing determination unit
1334 acquires a transmission deadline in association
with the scheduled transmission clock time from the com-
munication terminal 2. When a timing at which the com-
munication terminal 2 transmits data is determined, the
timing determination unit 1334 determines the timing so
that the data can be transmitted at a clock time before
the transmission deadline. Thereby, for example, even
when the timing determination unit 1334 determines to
transmit data at a later timing than the scheduled trans-
mission clock time of the communication terminal 2, it is
possible to prevent a timing at which data to be transmit-
ted within a prescribed time is transmitted from being
excessively late .
[0133] Also, the timing determination unit 1334 may
determine a timing on the basis of an attribute of the
communication terminal 2 stored in the storage unit 132.
For example, when the attribute of the communication
terminal 2 indicates that it is possible to communicate
with the communication device 1 that outputs data for
which real-time property is required, the timing determi-
nation unit 1334 determines a timing so that data can be
preferentially transmitted and lowers the priority when
the attribute of the communication terminal 2 indicates
that it is impossible to communicate with the communi-
cation device 1 that outputs data for which real-time prop-
erty is required.
[0134] The timing determination unit 1334 may deter-
mine a timing on the basis of details of a contract with
the communication carrier associated with the commu-
nication terminal 2 as the attribute of the communication
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terminal 2. For example, when the attribute of the com-
munication terminal 2 indicates contract details of a high
charge, the timing determination unit 1334 determines a
timing so that data can be preferentially transmitted.
[0135] Meanwhile, a core network such as an MME or
a PGW provided in the relay network N2 is required to
process data transmitted from a plurality of base stations
5. Therefore, when a large amount of data is simultane-
ously transmitted from a large number of base stations
5, the relay network N2 is congested. Therefore, the tim-
ing determination unit 1334 may determine a timing fur-
ther on the basis of the number of communication termi-
nals 2 using the relay network N2 in which the plurality
of base stations 5 are accommodated.
[0136] For this, the timing determination unit 1334 re-
fers to the base station DB shown in Fig. 5, sums the
number of communication terminals 2 accommodated in
the base station 5 using the relay network N2, and de-
termines a timing so that the number of communication
terminals 2 that transmit data simultaneously is less than
or equal to an allowable number when a value of the sum
is greater than or equal to a prescribed value. The timing
determination unit 1334 may assign a timing at which the
communication terminal 2 can transmit data to a different
time period for each base station 5 so that the number
of communication terminals 2 that transmit data simulta-
neously is less than or equal to the allowable number.
[0137] Also, when it is necessary for the communica-
tion terminal 2 to update the firmware, there is a possibility
that congestion will occur in the communication network
N1 and the relay network N2 when updating is started
simultaneously. Therefore, the timing determination unit
1334 may determine timings at which at least two com-
munication terminals 2 among the plurality of communi-
cation terminals 2 transmit data for requesting updating
of the firmware as different timings. For example, when
the firmware of the communication terminal 2 is required
to be updated, the timing determination unit 1334 sets
an update timing of the firmware to be indicated in a no-
tification provided to the communication terminal 2 to a
different timing for each communication terminal 2.
Thereby, the timing determination unit 1334 can prevent
a plurality of communication terminals 2 from simultane-
ously transmitting data for requesting updating of the
firmware.
[0138] Here, the communication control unit 1331 may
be configured to transmit timing information to the com-
munication terminal 2 during a prescribed time period
when a possibility that the communication network N1
will be congested is high and prevent the timing informa-
tion from being transmitted to a plurality of communica-
tion terminals 2 during a time period other than the pre-
scribed time period. That is, the communication control
unit 1331 may transmit the timing information to the com-
munication terminal 2 during the prescribed time period
on condition that a prescribed number (≥2) of communi-
cation terminals 2 or more are scheduled to transmit data
during the prescribed time period. Specifically, the com-

munication control unit 1331 may be configured to trans-
mit timing information indicating a timing determined by
the timing determination unit 1334 to the communication
terminal 2 during a time period when a prescribed number
of communication terminals 2 or more are scheduled to
transmit data and prevent the timing information from be-
ing transmitted during other time periods. Thereby, the
communication control unit 1331 can avoid transmission
of the timing information with a low effect during a time
period when the possibility of congestion is low.
[0139] Also, the communication control unit 1331 may
acquire a priority of data scheduled to be transmitted by
each of the plurality of communication terminals 2 and
transmit the timing information to the communication ter-
minal 2 during a time period when a proportion of data
having a priority higher than a prescribed priority is great-
er than a prescribed value. Thereby, the communication
control unit 1331 can reduce a probability of occurrence
of congestion because it is possible to disperse timings
at which the communication terminals 2 transmit data as
much as possible during a time period where a possibility
of occurrence of congestion is high and a proportion of
data with a high priority is large.

[Communication sequence]

[0140] Fig. 8 is a diagram showing a communication
sequence in the communication system S of the first em-
bodiment.
[0141] First, when a timing at which collected informa-
tion is transmitted has been reached (YES in S11), the
communication device 1 generates transmission data
(S112) and transmits the transmission data to the com-
munication terminal 2. When the transmission data is re-
ceived, the communication terminal 2 stores the received
transmission data in the storage unit 124 (S113). Then,
the communication terminal 2 notifies the data manage-
ment device 3 of a scheduled transmission clock time
(S114). At this time, the communication terminal 2 may
also notify the data management device 3 of a device ID
of the communication device 1 outputting the data sched-
uled to be transmitted and an application ID of an appli-
cation executed by the communication device 1.
[0142] Subsequently, in the data management device
3, the timing determination unit 1334 determines a timing
at which each communication terminal 2 transmits data
on the basis of the scheduled transmission clock time
received from the plurality of communication terminals 2
(S115). The communication control unit 1331 transmits
timing information indicating the timing determined by
the timing determination unit 1334 to the communication
terminal 2.
[0143] Subsequently, when a timing at which data is
transmitted to the data management device 3 has been
reached (YES in S116), the communication terminal 2
transmits stored data to the data management device 3.
When the data is received, the communication control
unit 1331 registers the received data in the data provision
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DB within the storage unit 132 in association with a com-
munication terminal ID.

[Advantageous effects of communication system S]

[0144] In a conventional system, a control unit is re-
quired to indicate data transmission timings to individual
sensors in order to prevent the congestion in a wireless
communication circuit. There is a problem in that control
becomes complicated when the control unit transmits in-
structions to individual sensors as the number of installed
sensors increases with the spread of Internet Of Things
(IoT). According to the first embodiment described
above, control efficiency for preventing the congestion in
the wireless communication circuit can be improved.
[0145] The data management device 3 according to
the first embodiment acquires a timing related to the com-
munication of device data and transmits timing informa-
tion indicating the timing to the communication terminal
2. Also, the communication terminal 2 receives the device
data and the timing information and transmits the re-
ceived device data via the wireless communication circuit
on the basis of the timing information.
[0146] More specifically, in the communication system
S of the first embodiment, the data management device
3 includes a timing determination unit 1334 configured
to determine a timing at which each of the plurality of
communication terminals 2 transmits a plurality of pieces
of data and a communication control unit 1331 configured
to transmit timing information indicating the timing deter-
mined by the timing determination unit 1334 to the plu-
rality of communication terminals 2. When the data man-
agement device 3 has the above-described configura-
tion, the data management device 3 can control a timing
at which the communication terminal 2 transmits data
transmitted by a plurality of communication devices 1 by
only notifying the plurality of communication terminals 2
of the timing information. Therefore, in the communica-
tion system S, the data management device 3 can control
the timing at which data transmitted by a large number
of communication devices 1 is transmitted to the com-
munication network N1 without controlling individual
communication devices 1. As a result, it is possible to
efficiently reduce a probability that the communication
network N1 and the relay network N2 will be congested.

<Second embodiment>

[Configuration of communication system S]

[0147] The drawing showing the configuration of the
communication system S according to the second em-
bodiment is similar to Fig. 1 according to the first embod-
iment. The communication system S includes a plurality
of communication devices 1, a communication terminal
2, a data management device 3, and a data acquisition
device 4. The communication terminal 2 can transmit de-
vice data received from the plurality of communication

devices 1 to the data management device 3 via a com-
munication network N1 and a relay network N2.
[0148] A base station 5, the communication network
N1, and the relay network N2 are as described in the first
embodiment.
[0149] The communication device 1 includes, for ex-
ample, a sensor, and transmits device data on the basis
of an output signal of the sensor to the communication
terminal 2. The communication device 1 transmits and
receives data to and from the communication terminal 2
through a wireless communication channel suitable for
communication over a relatively short distance such as
Wi-Fi (registered trademark) or Bluetooth (registered
trademark).
[0150] The communication device 1 is installed in mov-
able facilities such as cars, trains, and aircrafts and trans-
mits device data including various types of information
capable of being collected in an installation place of the
communication device 1 to the data management device
3 via the communication terminal 2. When the commu-
nication device 1 is installed in, for example, a car, the
communication device 1 collects information about the
remaining amount of gasoline, the remaining amount of
battery power, a traveling distance, a temperature of
each part, and the like and transmits the device data in-
cluding the collected information to the communication
terminal 2.
[0151] A volume of the device data transmitted by the
communication device 1 is less than a volume of audio
or image data to be transmitted and received in the com-
munication terminal such as a smartphone or a tablet
and a length of one piece of device data is, for example,
100 bytes or less. The device data transmitted by the
communication device 1 includes a device ID that is iden-
tification information allocated to each communication
device 1 and data including collected information.
[0152] The communication terminal 2 receives a plu-
rality of pieces of device data from a plurality of commu-
nication devices 1. The communication terminal 2 tem-
porarily stores the received device data and transmits
the stored device data to the communication network N1,
thereby transferring the device data to the data manage-
ment device 3. The communication terminal 2 is installed
in the same facility as a facility in which the plurality of
communication devices 1 are installed and the commu-
nication terminal 2 is assumed to be mounted in a car in
the present embodiment. The communication terminal 2
determines a timing at which the temporarily stored de-
vice data is transmitted according to whether or not the
communication terminal 2 is moving.
[0153] As will be described below in detail, the com-
munication terminal 2 transmits the device data at a point
in time when the first time has elapsed from the reception
of the device data when the communication terminal 2 is
moving and the communication terminal 2 transmits the
device data at a point in time when a second time longer
than the first time has elapsed from the reception of the
device data or erases the device data without transmitting
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the device data when the communication terminal 2 is
stopped. Thereby, it is possible to reduce a probability
that the communication terminal 2 will transmit device
data simultaneously with another communication termi-
nal 2 using the same base station 5 while a car equipped
with the communication terminal 2 is stopped.
[0154] The data management device 3 is, for example,
a server managed by a communication carrier that pro-
vides a service using the communication network N1.
The data management device 3 provides device data
received from the communication terminal 2 to the data
acquisition device 4 via the communication network N1
and the relay network N2.
[0155] The data management device 3 collects device
data transmitted from the plurality of communication de-
vices 1 via the communication terminal 2 and the com-
munication network N1. The data management device 3
stores the received device data in a storage medium such
as a hard disk and transmits the device data itself or
information generated on the basis of the device data to
the data acquisition device 4 in response to a request
from the data acquisition device 4 (4a, 4b, or 4c).
[0156] The data acquisition device 4 is as described in
the first embodiment.
[0157] Fig. 9 is a diagram schematically showing a flow
of data in the communication system S of the second
embodiment. One communication device 1 can execute
a plurality of applications corresponding to a plurality of
types of information. The communication device 1 shown
in Fig. 9 is installed in a car and can execute a fuel man-
agement application 211, a battery management appli-
cation 212, a traveling management application 213, and
an abnormality monitoring application 214.
[0158] The fuel management application 211 can
transmit information about fuel such as information about
the remaining amount of gasoline and fuel consumption.
The battery management application 212 can transmit
information about a battery such as the remaining
amount of battery power and electric current consump-
tion. The traveling management application 213 can
transmit information about traveling such as a traveling
distance and a traveling speed. The abnormality moni-
toring application 214 can transmit information indicating
the presence or absence of an abnormality such as an
abnormality in a temperature of each part in a vehicle.
[0159] The information transmitted by each application
is allocated to the data acquisition device 4 pre-registered
by the data management device 3. In the example shown
in Fig. 9, information output by the fuel management ap-
plication 211 is transmitted to the data acquisition device
4a of the gas station located in a prescribed range from
a position of the communication terminal 2. Information
output by the battery management application 212 is
transmitted to the data acquisition device 4a of the gas
station that sells a battery for use in a vehicle and the
data acquisition device 4b of a company or the like that
manages a vehicle. Information output by the traveling
management application 213 is transmitted to the data

acquisition device 4b and the data acquisition device 4c
of the manufacturer of the vehicle. Information output by
the abnormality monitoring application 214 is transmitted
to the data acquisition device 4c.

[Configuration of communication terminal 2]

[0160] Subsequently, a configuration and an operation
of the communication terminal 2 will be described.
[0161] Fig. 10 is a diagram showing the configuration
of the communication terminal 2 according to the second
embodiment. The communication terminal 2 includes a
device communication unit 221, a network communica-
tion unit 222, a sensor 23, a storage unit 224, and a con-
trol unit 225. The control unit 225 is, for example, a CPU,
and functions as a movement detection unit 2251 and a
communication control unit 2252 by executing a program
stored in the storage unit 224.
[0162] The device communication unit 221 is a wire-
less communication interface for receiving the device da-
ta transmitted by the communication device 1.
[0163] The network communication unit 222 is a wire-
less communication interface for transmitting data re-
ceived from the communication device 1 to the commu-
nication network N1. The network communication unit
222 can transmit and receive data to and from the base
station 5 of the communication network N1 in accordance
with, for example, an LTE standard.
[0164] The sensor 23 is, for example, an acceleration
sensor and outputs a detection signal indicating the ac-
celeration for detecting whether the communication ter-
minal 2 is moving or stopped. The sensor 23 notifies the
movement detection unit 2251 of the detection signal.
[0165] The storage unit 224 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 224
stores programs to be executed by the control unit 225.
Also, the storage unit 224 stores the device data received
from the communication device 1 in association with a
device ID of the communication device 1 and a date and
time received from the communication device 1 on the
basis of control of the communication control unit 2252.
[0166] The movement detection unit 2251 detects
whether or not the communication terminal 2 is moving
on the basis of the detection signal of the notification
provided from the sensor 23. The movement detection
unit 2251 generates movement information indicating
whether the communication terminal 2 is moving or
stopped and notifies the communication control unit 2252
of the movement information. For example, the move-
ment detection unit 2251 determines that the communi-
cation terminal 2 is moving when a moving speed of the
communication terminal 2 is 10 km/h or more and deter-
mines that the mobile terminal 2 is stopped when the
moving speed is less than 10 km/h.
[0167] The communication control unit 2252 causes
the storage unit 224 to temporarily store the device data
received by the device communication unit 221. The
communication control unit 2252 transmits the device da-
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ta stored in the storage unit 224 to the data management
device 3 via the network communication unit 222 at a
timing suitable for a movement state of the communica-
tion terminal 2 on the basis of the movement information
of a notification provided from the movement detection
unit 2251.
[0168] When the movement detection unit 2251 deter-
mines that the communication terminal 2 is moving, the
communication control unit 2252 transmits the device da-
ta when the first time has elapsed from reception of the
device data transmitted by the communication device 1.
When the movement detection unit 2251 determines that
the communication terminal 2 is stopped, the communi-
cation control unit 2252 executes a delay mode in which
the device data is transmitted when a second time longer
than the first time has elapsed from reception of the de-
vice data. The second time is, for example, a time until
the communication terminal 2 restarts the movement.
The first time and the second time may be pre-stored in
the storage unit 224 or may be received by the commu-
nication control unit 2252 from the data management de-
vice 3. In this manner, the communication control unit
2252 transmits the device data at a different timing from
that of movement while the communication terminal 2 is
stopped, so that it is possible to prevent a large number
of communication terminals 2 from simultaneously trans-
mitting data in advance when a car equipped with the
communication terminal 2 is stopped during traffic signal
waiting or driven at a low speed due to traffic congestion
and a possibility that a large number of communication
terminals 2 will be located in the vicinity of the commu-
nication terminal 2 is high.
[0169] When the communication terminal 2 is stopped,
the communication control unit 2252 may execute an
erase mode in which the transmission of the device data
is stopped instead of the delay mode. For example, when
the erase mode is executed, the communication control
unit 2252 executes the erase mode at a point in time
when a prescribed time has elapsed from the stopped
state of the communication terminal 2.
[0170] If the movement detection unit 2251 determines
that the communication terminal 2 is stopped, the com-
munication control unit 2252 may execute the delay
mode when the device data has a first attribute and ex-
ecute the erase mode when the device data has a second
attribute different from the first attribute. For example,
the device data of the first attribute is data that is not
steadily generated or data in which all device data is re-
quired to be transmitted and corresponds to data indicat-
ing abnormality. The device data of the second attribute
is, for example, steadily generated data and corresponds
to data indicating the remaining amount of fuel or battery
power.
[0171] For example, if the movement detection unit
2251 determines that the communication terminal 2 is
stopped, the communication control unit 2252 executes
the delay mode when the device data is data having the
first attribute that is necessarily required to be transmitted

and executes the erase mode when the device data is
data having the second attribute that is not necessarily
required to be transmitted. The communication control
unit 2252 may execute the delay mode when the device
data has the first attribute having a transmission frequen-
cy less than or equal to a prescribed threshold value and
execute the erase mode when the device data has the
second attribute having the transmission frequency
greater than the prescribed threshold value. In this man-
ner, the communication control unit 2252 can reduce an
amount of data transmission in a state in which the com-
munication terminal 2 is stopped without erasing the de-
vice data that is not desired to be erased by determining
whether or not to erase the device data on the basis of
the attribute of the device data.
[0172] The communication control unit 2252 may ex-
ecute the delay mode or the erase mode on condition
that an instruction has been received from the data man-
agement device 3 that manages the communication ter-
minal 2 via the communication network N1. For example,
even if the movement detection unit 2251 determines
that the communication terminal 2 is moving, there is a
possibility that congestion will occur when there are a
large number of communication terminals 2 within a sec-
tor of one base station 5. Therefore, when there is a pos-
sibility that congestion will occur, the data management
device 3 instructs the communication terminal 2 to oper-
ate in the delay mode or the erase mode and the com-
munication control unit 2252 operates in the delay mode
or the erase mode in accordance with the instruction. In
contrast, the data management device 3 instructs the
communication terminal 2 not to operate in the delay
mode or the erase mode if there is no possibility that
congestion will occur and the communication control unit
2252 operates in the same manner as that when the com-
munication terminal 2 is moving even when the commu-
nication terminal 2 is stopped.
[0173] Meanwhile, when the communication terminal
2 moves and therefore a sector to which the communi-
cation terminal 2 belongs changes, a degree of conges-
tion in the wireless communication circuit changes.
Therefore, if the sector to which the communication ter-
minal 2 belongs has been switched in the communication
network N1, the communication control unit 2252 may
determine whether or not to switch a process between
when the movement detection unit 2251 determines that
the communication terminal 2 is moving and when the
movement detection unit 2251 determines that the com-
munication terminal 2 is stopped.
[0174] For example, the communication control unit
2252 inquires the data management device 3 about a
degree of congestion in the sector after switching at a
point in time when the sector has been switched. The
communication control unit 2252 is configured so that a
process is switched between a case in which the com-
munication terminal 2 is moving and a case in which the
communication terminal 2 is stopped if the degree of con-
gestion in the sector after switching is greater than or
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equal to a prescribed threshold value and the process is
not switched between the case in which the communica-
tion terminal 2 is moving and the case in which the com-
munication terminal 2 is stopped if the degree of conges-
tion in the sector after switching is less than the pre-
scribed threshold value. Thereby, the device data is
transmitted to the data management device 3 as quickly
as possible when the communication terminal 2 is located
in a non-congested sector and it is possible to prevent
congestion from occurring in advance when the commu-
nication terminal 2 is located in a congested sector.
[0175] The communication control unit 2252 may
transmit position information including information for
identifying a sector of the communication network N1 to
which the communication terminal 2 belongs (e.g., iden-
tification information of the base station 5) to the data
management device 3. At this time, information about
the moving direction of the communication terminal 2
may be transmitted so that the data management device
3 can check that the sector is not frequently switched.
[0176] Also, the communication control unit 2252 may
transmit position information to the data management
device 3 when a prescribed time has elapsed from switch-
ing of the sector. Also, the communication control unit
2252 may transmit the position information on condition
that the communication terminal 2 is moving in a fixed
direction during a prescribed period after the sector is
switched. Thereby, it is possible to prevent the commu-
nication control unit 2252 from frequently transmitting da-
ta for inquiring about the degree of congestion when the
communication terminal 2 is located at a position where
the sector is frequently switched.
[0177] The data management device 3 determines a
timing at which the communication terminal 2 transmits
the device data on the basis of the received information
and transmits timing information indicating the deter-
mined timing to the communication terminal 2. Then,
when the sector of the communication network N1 to
which the communication terminal 2 belongs has been
switched, the communication control unit 2252 transmits
the device data at the timing indicated by the timing in-
formation, which is received from the data management
device 3, for use after switching of the sector. Thereby,
because the data management device 3 can accurately
ascertain a position where the communication terminal
2 is scheduled to move, it is possible to determine a trans-
mission timing suitable for a movement schedule of the
communication terminal 2.
[0178] The communication control unit 2252 may
transmit position information including a current position
and a moving direction of the communication terminal 2
to the data management device 3 that manages the de-
gree of congestion in the communication network N1 and
acquire information indicating a degree of congestion in
the wireless communication circuit in a movement des-
tination of the communication terminal 2 identified on the
basis of the position information from the data manage-
ment device 3. Then, when the movement detection unit

2251 determines that the communication terminal 2 is
stopped, the communication control unit 2252 may de-
termine whether to execute the delay mode or the erase
mode on the basis of information indicating a degree of
congestion received from the data management device
3.
[0179] For example, when the degree of congestion is
less than the threshold value, the communication control
unit 2252 determines that a possibility that congestion
will occur is low even when the device data is transmitted
after transmission is delayed and executes the delay
mode. When the congestion degree is greater than or
equal to the threshold value, the communication control
unit 2252 determines that there is a possibility that con-
gestion will occur when the device data is transmitted
after the transmission is delayed, and executes the erase
mode in order to reduce the amount of data to be trans-
mitted by erasing erasable data. Thereby, because it is
possible to perform control in consideration of the degree
of congestion in the wireless communication circuit at a
movement destination of a car equipped with the com-
munication terminal 2, it is possible to effectively prevent
congestion from occurring.
[0180] The communication control unit 2252 may
transmit the position information including the current po-
sition and the moving direction of the communication ter-
minal 2 to the data management device 3 and acquire
timing information including an instruction related to a
timing at which the device data is transmitted from the
data management device 3. Then, when the movement
detection unit 2251 determines that the communication
terminal 2 is stopped, the communication control unit
2252 may transmit device data at a timing indicated by
the timing information transmitted from the data manage-
ment device 3 in accordance with the transmission of the
position information. Thereby, the data management de-
vice 3 can control a timing at which each communication
terminal 2 transmits device data so that congestion does
not occur on the basis of a result of estimating a degree
of congestion in the future using scheduled movement
positions of a large number of communication terminals
2.
[0181] In this case, the communication control unit
2252 may transmit, to the data management device 3,
an attribute of device data scheduled to be transmitted
or identification information of an application that outputs
the device data. For example, the communication control
unit 2252 transmits the presence or absence of real-time
property of the device data to the data management de-
vice 3 and therefore the data management device 3 can
set a transmission timing of the communication terminal
2 in which transmission of device data having real-time
property is scheduled so that the transmission timing is
earlier than a transmission timing of the communication
terminal 2 in which transmission of device data having
real-time property is not scheduled.
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[Configuration of data management device 3]

[0182] Fig. 11 is a diagram showing a configuration of
the data management device 3 according to the second
embodiment. The data management device 3 includes
a communication unit 231, a storage unit 232, and a con-
trol unit 233.
[0183] The communication unit 231 includes a first
communication unit 2311 and a second communication
unit 2312. The first communication unit 2311 is a com-
munication interface for transmitting and receiving data
to and from the communication terminal 2 via the com-
munication network N1 and has, for example, a termina-
tion interface of a portable phone network. The first com-
munication unit 2311 may have a LAN interface for con-
necting with a termination device of the portable phone
network.
[0184] The second communication unit 2312 has a
communication interface for transmitting and receiving
data to and from the data acquisition device 4 via the
relay network N2. The second communication unit 2312
is, for example, a LAN interface.
[0185] The storage unit 232 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 232
stores a base station DB in which a base station ID of
the base station 5, the number of communication termi-
nals 2 accommodated by each base station 5, and a com-
munication terminal ID that is identification information
of the communication terminal 2 accommodated by the
base station 5 are associated.
[0186] The base station DB according to the second
embodiment is similar to the base station DB shown in
Fig. 5 in the first embodiment. The number of accommo-
dated terminals is the number of communication termi-
nals 2 in a state of using the radio communication circuit
provided by each base station 5. For example, the
number of accommodated terminals varies with move-
ment of the communication terminal 2 on the basis of
control of a storage control unit 2335 to be described
below.
[0187] Also, the storage unit 232 stores a communica-
tion terminal DB in which a communication terminal ID
and a device ID that is identification information of the
communication device 1 with which each communication
terminal 2 can directly communicate without involving the
base station 5 are associated.
[0188] A drawing showing an example of the commu-
nication terminal DB according to the second embodi-
ment is similar to Fig. 6 according to the first embodiment.
In the communication terminal DB, an application ID that
is identification information of an application executable
by the communication device 1 with which the commu-
nication terminal 2 can communicate and an amount of
transmission data to be transmitted by each application
during one data transmission operation are stored in as-
sociation with a communication terminal ID.
[0189] Also, the storage unit 232 stores data transmit-
ted by the plurality of communication devices 1 received

from the communication terminal 2 in association with
the device ID of the communication device 1. Further-
more, the storage unit 232 may store a data provision
DB in which an acquirer ID of a data acquirer who ac-
cesses the data management device 3 via the data ac-
quisition device 4 and a device ID and an application ID
of a communication device 1 and an application regis-
tered as targets from which the data acquirer acquires
the data are associated.
[0190] The control unit 233 is, for example, a CPU, and
determines a timing at which each communication termi-
nal 2 transmits data by executing a program stored in the
storage unit 232.
[0191] By executing the program stored in the storage
unit 232, the control unit 233 functions as a communica-
tion control unit 2331, a congestion degree identification
unit 2332, a timing determination unit 2333, a request
acceptance unit 2334, and a storage control unit 2335.
[0192] The communication control unit 2331 controls
transmission and reception of data to and from the com-
munication terminal 2. The communication control unit
2331 starts the reception of data from the communication
terminal 2 by notifying the communication terminal 2 ca-
pable of communicating with the communication device
1 that outputs data to be provided to the data acquisition
device 4 of an APN that is an address of a gateway of
the communication network N1. The communication con-
trol unit 2331 acquires position information indicating a
position of the communication terminal 2 from the com-
munication terminal 2. The communication control unit
2331 may acquire position information including informa-
tion indicating a direction in which the communication
terminal 2 moves. The communication control unit 2331
functions as a transmission unit that transmits timing in-
formation indicating a first time and a second time deter-
mined by the timing determination unit 2333 to the com-
munication terminal 2 via the first communication unit
2311.
[0193] The congestion degree identification unit 2332
identifies a degree of congestion in the communication
network N1 on the basis of the position information indi-
cating the position of the communication terminal 2 ac-
quired from the communication control unit 2331. The
congestion degree identification unit 2332 identifies a de-
gree of congestion on the basis of the number of com-
munication terminals 2 accommodated in the base sta-
tion 5 corresponding to the sector to which the commu-
nication terminal 2 belongs, for example, by referring to
the communication terminal DB. The congestion degree
identification unit 2332 notifies the timing determination
unit 2333 of the identified degree of congestion.
[0194] The timing determination unit 2333 determines
a timing at which the communication terminal 2 transmits
device data. For example, when the communication ter-
minal 2 is moving, the timing determination unit 2333
determines a length of the first time that is a time from
the reception of the device data by the communication
terminal 2 to the transmission thereof. Also, when the
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communication terminal 2 is stopped, the timing deter-
mination unit 2333 determines a length of the second
time that is a time from the reception of the device data
by the communication terminal 2 to the transmission
thereof. The timing determination unit 2333 determines
the first time and the second time on the basis of a degree
of congestion at a current position of the communication
terminal 2 or a position of a scheduled movement desti-
nation identified by the congestion degree identification
unit 2332.
[0195] The request acceptance unit 2334 accepts a
request for selecting a communication device 1 and an
application that are targets from which data is acquired
from the data acquisition device 4. The request accept-
ance unit 2334 transmits a list of communication devices
1 and applications that are targets from which data is
collected by the data management device 3 to the data
acquisition device 4 via the second communication unit
2312.
[0196] When the data acquirer selects the communi-
cation device 1 and the application from which data is
desired to be acquired from the list of communication
devices 1 and applications displayed via the data acqui-
sition device 4, the data acquisition device 4 transmits a
data acquisition request including information (e.g., a de-
vice ID and an application ID) for identifying the selected
communication device 1 and the selected application and
an acquirer ID to the data management device 3. When
the data acquisition request is received from the data
acquisition device 4, the request acceptance unit 2334
performs registration in the data provision DB within the
storage unit 232 by notifying the storage control unit 2335
of the acquirer ID, the device ID and the application ID
included in the data acquisition request.
[0197] When a request for acquiring data from the data
acquisition device 4 has been accepted, the request ac-
ceptance unit 2334 refers to the data provision DB stored
in the storage unit 232 received via the communication
network N1 and provides data transmitted by an appli-
cation indicated in the request by transmitting the data
to the data acquisition device 4. In the data provision DB,
the acquirer ID corresponding to the data acquisition de-
vice 4 transmitting the data acquisition request and the
device ID of the communication device that is a target
from which data is provided to the data acquisition device
4 of the acquirer ID are associated. In the data provision
DB, the application ID of the application that is a target
from which data is provided to the data acquisition device
4 of the acquirer ID may be further associated.
[0198] The request acceptance unit 2334 may accept
requests for selecting the same application to be execut-
ed by the same communication device 1 from a plurality
of data acquisition devices 4. When the request accept-
ance unit 2334 has accepted the request for selecting
the same application to be executed by the same com-
munication device 1 from the plurality of data acquisition
devices 4, the communication control unit 2331 provides
the plurality of data acquisition devices 4 with data trans-

mitted by the application indicated in the request among
pieces of data received via the communication network
N1.
[0199] The storage control unit 2335 writes data to the
storage unit 232 or reads data stored in the storage unit
232 on the basis of instructions from the communication
control unit 2331, the congestion degree identification
unit 2332, the timing determination unit 2333, and the
request acceptance unit 2334. For example, the timing
determination unit 2333 causes the storage unit 232 to
store the device data received from the communication
terminal 2 by the communication control unit 2331 in as-
sociation with the device ID and the application ID.

[Communication sequence of communication system S]

[0200] Fig. 12 is a diagram showing a communication
sequence in the communication system S of the second
embodiment.
[0201] First, when a timing at which the collected in-
formation is transmitted has been reached (YES in
S211), the communication device 1 generates transmis-
sion data (S212) and the transmission data to the com-
munication terminal 2. When the transmission data is re-
ceived, the communication terminal 2 stores the received
transmission data in the storage unit 224 (S213).
[0202] Subsequently, the communication terminal 2
checks whether or not a timing for data transmission to
the data management device 3 has been reached
(S214). Details of the processing of step S214 will be
described below. When the timing for data transmission
has been reached (YES in S214), the communication
terminal 2 transmits the stored data to the data manage-
ment device 3. When the data is received, the commu-
nication control unit 2331 registers the received data in
the data provision DB within the storage unit 232 in as-
sociation with the communication terminal ID.

[Operation flowchart of communication terminal 2]

[0203] Fig. 13 is a flowchart of an operation of checking
a timing at which the communication terminal 2 transmits
data according to the second embodiment. When the de-
vice data is received from the communication device 1
(S221), the communication control unit 2252 temporarily
stores the received device data in the storage unit 224
(S222).
[0204] Subsequently, the communication control unit
2252 determines whether or not the communication ter-
minal 2 is moving on the basis of a result detected by the
movement detection unit 2251 (S223). If the communi-
cation control unit 2252 determines that the communica-
tion terminal 2 is moving (YES in S223), the communi-
cation control unit 2252 monitors whether or not the first
time has elapsed from reception of the device data
(S224). When the first time has elapsed (YES in S224),
the communication control unit 2252 transmits the device
data stored in the storage unit 224 to the data manage-
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ment device 3 (S225).
[0205] If the communication control unit 2252 deter-
mines that the communication terminal 2 is not moving
in step S223 (NO in S223), the communication control
unit 2252 monitors whether or not the second time has
elapsed from reception of the device data (S226). When
the second time has elapsed, the communication control
unit 2252 determines whether or not an attribute of the
device data to be transmitted is the first attribute (S227).
[0206] If the device data to be transmitted has, for ex-
ample, the first attribute in which it is necessary to trans-
mit all data (YES in S227), the communication control
unit 2252 transmits the device data to the data manage-
ment device 3 (S225). If the device data to be transmitted
is not the data of the first attribute (NO in S227), the com-
munication control unit 2252 erases the device data
stored in the storage unit 224 (S228). The communication
control unit 2252 monitors whether or not an operation
of turning off the power supply of the communication ter-
minal 2 has been performed (S229) and the processing
of steps S221 to S228 is iterated until the power is turned
off (NO in S229).

[Effects of communication system S]

[0207] In the conventional system, a case in which the
sensor that transmits the data moves is not taken into
consideration. A probability that a plurality of sensors will
be present at the same position is lower when the sensor
is moving than when the sensor is not moving. Therefore,
when the sensor is moving, a probability that a large
number of sensors will simultaneously transmit data to
the same radio base station is relatively low. On the other
hand, when the sensor is not moving, a probability that
a large number of sensors will simultaneously transmit
data to the same radio base station is high and a prob-
ability that a wireless communication network will be con-
gested increases.
[0208] However, in the conventional system, a timing
at which the sensor transmits data is determined without
consideration of the movement of the sensor. Therefore,
there is a problem in that data cannot be transmitted at
a timing suitable for the state of the sensor. According to
the second embodiment described above, it is possible
to determine a transmission timing suitable for a case in
which a communication terminal that transmits data
moves.
[0209] In the communication system S of the second
embodiment, the communication terminal 2 includes the
movement detection unit 2251 for detecting whether or
not the communication terminal 2 is moving. When the
movement detection unit 2251 determines that the com-
munication terminal 2 is moving, the communication con-
trol unit 2252 transmits the device data to the communi-
cation device 2 when the first time has elapsed from the
reception of the device data transmitted by the commu-
nication device 1. Also, when the movement detection
unit 2251 determines that the communication terminal 2

is stopped, the communication control unit 2252 exe-
cutes the delay mode in which the device data is trans-
mitted when the second time longer than the first time
has elapsed from the reception of the device data or the
erase mode in which the transmission of the device data
is stopped.
[0210] Thereby, the communication terminal 2 can re-
duce a probability that data is transmitted while the com-
munication terminal 2 is stopped. Therefore, in the com-
munication system S, it is possible to reduce a probability
that congestion occurs in the communication network N1
or the relay network N2 when a large number of commu-
nication terminals 2 simultaneously transmit data during
traffic signal waiting or traffic congestion if the commu-
nication terminal 2 is mounted in a car.

<Third embodiment>

[Configuration of communication system S]

[0211] A drawing showing a configuration of a commu-
nication system S according to a third embodiment is
similar to Fig. 1 according to the first embodiment. The
communication system S includes a plurality of commu-
nication devices 1, a communication terminal 2, a data
management device 3, and a data acquisition device 4.
The communication terminal 2 can transmit device data
received from the plurality of communication devices 1
to the data management device 3 via a communication
network N1 and a relay network N2.
[0212] As described with reference to the first embod-
iment, the communication network N1 is a portable phone
network and includes a plurality of base stations 5 (base
stations 5a, 5b, and 5c in Fig. 1). Each of the plurality of
base stations 5 is, for example, an eNodeB in LTE. Each
of the plurality of base stations 5 is connected to a plurality
of communication terminals 2 through a wireless com-
munication circuit. The communication terminal 2 can
transmit device data received from the communication
device 1 to the data management device 3 using the wire-
less communication circuit provided from the base station
5.
[0213] The relay network N2 is a network including an
EPC such as a PGW or an MME of LTE. A plurality of
base stations 5 are connected to the relay network N2.
For example, the relay network N2 is connected to the
data management device 3 via the Internet.
[0214] The base station 5 temporarily releases the
wireless communication circuit periodically so that the
communication terminal 2 that does not transmit and re-
ceive data does not occupy the wireless communication
circuit for a long time. Specifically, when a prescribed
time (e.g., 24 hours) has elapsed from an RRC connected
state after the start of wireless communication with the
communication terminal 2, the base station 5 transitions
to an RRC idle state. In the RRC idle state, the base
station 5 cannot receive the data transmitted by the com-
munication terminal 2 normally. Therefore, the commu-
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nication system S is characterized in that control is per-
formed so that the communication terminal 2 does not
transmit the device data in the RRC idle state.
[0215] The communication device 1 is as described
with reference to the first embodiment.
[0216] As described in the first embodiment, the com-
munication terminal 2 receives a plurality of pieces of
device data from a plurality of communication devices 1.
The communication terminal 2 temporarily stores the re-
ceived device data and transmits the stored device data
to the communication network N1 at a timing indicated
in a notification provided from the data management de-
vice 3, thereby transferring the device data to the data
management device 3.
[0217] As described in the first embodiment, the data
management device 3 is, for example, a server managed
by a communication carrier that provides a service using
the communication network N1. The data management
device 3 provides the device data received from the com-
munication terminal 2 to the data acquisition device 4 via
the communication network N1 and the relay network N2.
[0218] The data management device 3 collects device
data transmitted from the plurality of communication de-
vices 1 via the communication terminal 2 and the com-
munication network N1. The data management device 3
stores the received device data in a storage medium such
as a hard disk, and transmits the device data itself or
information generated on the basis of the device data to
the data acquisition device 4 in response to a request
from the data acquisition device 4 (4a, 4b, or 4c).
[0219] The data management device 3 manages a tim-
ing at which the communication terminal 2 transmits the
device data. The data management device 3, for exam-
ple, notifies the communication terminal 2 of a discon-
nection timing at which the base station 5 transitions to
the RRC idle state. As will be described in detail below,
the data management device 3 acquires information
about a time from the RRC connected state of the plurality
of base stations 5 to the RRC idle state and a period
during which the RRC idle state continues and notifies
the communication terminal 2 of a disconnection timing
information indicating a timing at which the wireless com-
munication circuit is disconnected on the basis of the
acquired information.
[0220] The disconnection timing is, for example, a tim-
ing at which the RRC idle state starts, but may be a period
from the start of the RRC idle state to the end of the RRC
idle state. In this manner, the data management device
3 notifies the communication terminal 2 of the disconnec-
tion timing, so that it is possible to avoid the occurrence
of packet lost because it is possible to prevent the com-
munication terminal 2 from transmitting device data dur-
ing a period when the base station 5 cannot receive the
device data.
[0221] The data acquisition device 4 is as described in
the first embodiment.
[0222] A flow of data in the communication system S
according to the third embodiment is similar to Fig. 2 ac-

cording to the first embodiment.

[Configuration of communication terminal 2]

[0223] Next, a configuration and an operation of the
communication terminal 2 will be described.
[0224] Fig. 14 is a diagram showing the configuration
of the communication terminal 2 according to the third
embodiment. The communication terminal 2 includes a
device communication unit 321, a network communica-
tion unit 322, a storage unit 323, and a terminal control
unit 324.
[0225] The device communication unit 321 is a wire-
less communication interface for receiving data transmit-
ted by the communication device 1.
[0226] For example, the network communication unit
322 is a wireless communication interface for exchanging
data with the base station 5 of the communication net-
work N1 in accordance with the LTE standard. For ex-
ample, the network communication unit 322 transmits
the data received from the communication device 1 to
the communication network N1. Also, the network com-
munication unit 322 receives timing information indicat-
ing a disconnection timing transmitted by a communica-
tion control unit 3332 (to be described below with refer-
ence to Fig. 15) via the communication network N1.
[0227] For example, the network communication unit
322 acquires a disconnection timing by receiving timing
information (e.g., an inactive timer value of an eNodeB)
included in signaling information that is connection
processing information exchanged with the base station
5. The timing information includes, for example, a clock
time at which the base station 5 is scheduled to transition
to the RRC idle state. The timing information may include
a period during which the RRC idle state continues after
the base station 5 transitions to the RRC idle state. The
communication system S can efficiently notify the com-
munication terminal 2 of the disconnection timing by ac-
quiring the timing information using the signaling infor-
mation in this manner.
[0228] The storage unit 323 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 323
stores programs to be executed by the terminal control
unit 324. Also, the storage unit 323 stores the device data
received from the communication device 1 in association
with a device ID of the communication device 1 and a
date and time received from the communication device
1 on the basis of control of the terminal control unit 324.
[0229] The terminal control unit 324 is, for example, a
CPU, and executes various types of processes by exe-
cuting a program stored in the storage unit 323. The ter-
minal control unit 324 causes the storage unit 323 to store
the device data received via the device communication
unit 321. Also, the terminal control unit 324 also transmits
the device data received by the device communication
unit 321 via the wireless communication circuit at a timing
other than the disconnection timing at which the base
station 5 transitions to the RRC idle state received by the
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network communication unit 322.
[0230] Specifically, the terminal control unit 324 reads
the device data stored in the storage unit 323 and trans-
mits the read device data to the communication network
N1 via the network communication unit 322 at a timing
other than the disconnection timing indicated in a notifi-
cation from the data management device 3. The terminal
control unit 324 does not transmit the device data during
a prescribed period from a clock time corresponding to
the disconnection timing. When the network communi-
cation unit 322 has received information indicating a pe-
riod during which the RRC idle state continues, the ter-
minal control unit 324 causes the storage unit 323 to hold
the device data without transmitting the device data dur-
ing a disconnection period from the disconnection timing
at which the state transitions to the RRC idle state to the
end of a period during which the RRC idle state continues.
Then, the terminal control unit 324 transmits the device
data during a period other than the disconnection period.
[0231] To acquire the disconnection timing of the base
station 5 in which the communication terminal 2 is ac-
commodated, the terminal control unit 324 transmits sec-
tor information for identifying the base station 5 to which
the communication terminal 2 belongs to the data man-
agement device 3. The terminal control unit 324 transmits
sector information in accordance with a state in which
the communication terminal 2 is powered on and can
communicate with the base station 5 or in accordance
with a change in the base station 5 accommodated by
occurrence of a handover. To prevent the sector infor-
mation from being frequently transmitted at a boundary
position of the sector, the terminal control unit 324 trans-
mits the sector information when a prescribed period has
elapsed from switching of the sector. The prescribed pe-
riod is a period determined on the basis of, for example,
a moving speed or a moving direction of the communi-
cation terminal 2 and is a period when a probability that
the communication terminal 2 will return to the sector
before the handover is less than or equal to a prescribed
threshold value.
[0232] The terminal control unit 324 may temporarily
hold device data in the storage unit 323 without causing
the device data received from the communication device
1 during a prescribed period before a disconnection tim-
ing received through a notification from the communica-
tion control unit 3332 (to be described below in Fig. 15)
to be transmitted. The terminal control unit 324 deter-
mines the above-described prescribed period on the ba-
sis of, for example, a communication delay time between
the communication terminal 2 and the base station 5.
[0233] Assuming that the disconnection timing is
00:00:00 and the communication delay time between the
communication terminal 2 and the base station 5 is 500
milliseconds, the terminal control unit 324 does not trans-
mit data during 500 milliseconds immediately before the
disconnection timing of 00:00:00. Thereby, the RRC idle
state is given while the device data transmitted by the
communication terminal 2 is transmitted to the base sta-

tion 5 and it is possible to prevent the device data from
not reaching the base station 5.
[0234] The terminal control unit 324 may determine a
prescribed period when no device data is transmitted be-
fore the disconnection timing on the basis of an amount
of device data received from the communication device
1. For example, when the amount of device data received
from the communication device 1 is 500 bytes and a
transmission rate of the wireless communication circuit
is 1 Mbps, 500/(13106/8)=4 milliseconds are required
for transmitting 500-byte data. In this case, the terminal
control unit 324 adds a communication delay time of 500
milliseconds thereto and does not transmit data for 504
milliseconds immediately before the disconnection tim-
ing of 00:00:00.
[0235] The terminal control unit 324 may determine a
prescribed period during which no device data is trans-
mitted before the disconnection timing on the basis of a
total amount of device data received from all the com-
munication devices 1 that performs direct communica-
tion. For example, the communication terminal 2 is as-
sumed to receive device data from 100 communication
devices 1. In this case, assuming that a maximum amount
of device data transmitted by each communication device
1 is 500 bytes, a maximum value of the total amount of
device data received from all the communication devices
1 is 5003100=50 Kbytes. When the transmission rate of
the wireless communication circuit is 1 Mbps,
50000/(13106/8)=400 milliseconds are required for
transmitting 50-Kbyte data. In this case, the terminal con-
trol unit 324 adds a communication delay time of 500
milliseconds thereto and does not transmit data for 900
milliseconds immediately before the disconnection tim-
ing of 00:00:00.
[0236] Also, the terminal control unit 324 may deter-
mine a prescribed period with a length differing for each
application in which the communication device 1 has
transmitted device data. For example, if device data out-
put by an image-related application outputting a relatively
large amount of data has been received from the com-
munication device 1, the terminal control unit 324 does
not transmit device data during a first period immediately
before the disconnection timing. If device data output by
an application outputting a relatively small amount of data
has been received from the communication device 1, the
terminal control unit 324 does not transmit the device
data during a second period shorter than the first period
immediately before the disconnection timing. Thereby,
because the terminal control unit 324 can transmit the
device data at an appropriate timing in accordance with
the application outputting the device data received by the
device communication unit 321, it is possible to prevent
a problem that the transmitted data does not reach a
transmission destination from occurring while transmit-
ting the device data as quickly as possible.
[0237] The terminal control unit 324 may transmit de-
vice data held in the storage unit 323 when a random
time has elapsed from the end of the disconnection tim-
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ing. For example, the terminal control unit 324 generates
a random number on the basis of the communication
terminal ID of the communication terminal 2 and trans-
mits the device data when a time corresponding to the
generated random number has elapsed from the end of
the disconnection timing. Thereby, even when discon-
nection timings indicated in notifications provided to a
large number of communication terminals 2 are the same
timing, it is possible to avoid simultaneous transmission
of information for a large number of communication ter-
minals 2 to transition to the RRC connected state after
the disconnection timing ends.

[Configuration of data management device 3]

[0238] Fig. 15 is a diagram showing a configuration of
the data management device 3 according to the third
embodiment. The data management device 3 includes
a communication unit 331, a storage unit 332, and a con-
trol unit 333. The control unit 333 functions as an identi-
fication unit 3331, a communication control unit 3332, a
request acceptance unit 3333, and a storage control unit
3334 by executing the program stored in the storage unit
332.
[0239] The communication unit 331 includes a first
communication unit 3311 and a second communication
unit 3312. The first communication unit 3311 is a com-
munication interface for exchanging data with the com-
munication terminal 2 via the relay network N2, and has,
for example, a termination interface of a portable phone
network. The first communication unit 3311 may have a
LAN interface for connecting with a termination device
of the portable phone network.
[0240] The second communication unit 3312 has a
communication interface for exchanging data with the
data acquisition device 4 via the relay network N2. The
second communication unit 3312 is, for example, a LAN
interface.
[0241] The storage unit 332 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 332
stores a disconnection timing DB to be referred to when
the identification unit 3331 identifies the disconnection
timing.
[0242] Fig. 16 is a diagram showing an example of the
disconnection timing DB according to the third embodi-
ment. In the disconnection timing DB, identification infor-
mation of the base station 5 (hereinafter referred to as a
base station ID), a communication terminal ID that is iden-
tification information of the communication terminal 2 ac-
commodated by each base station 5, a clock time at
which the wireless communication circuit connected to
each communication terminal 2 transitions to the RRC
idle state, and a time in which the RRC idle state contin-
ues are associated. An RRC idle transition clock time is
a clock time at which a prescribed time (e.g., 24 hours)
determined for each base station 5 has elapsed from a
clock time at which the communication terminal 2 has
started communication with the base station 5.

[0243] Also, the storage unit 332 stores a communica-
tion terminal DB in which a communication terminal ID
is associated with a device ID that is identification infor-
mation of a communication device 1 with which each
communication terminal 2 can directly communicate
without involving the base station 5.
[0244] Fig. 17 is a diagram showing an example of the
communication terminal DB according to the third em-
bodiment. In the communication terminal DB, an appli-
cation ID that is identification information of an application
executable by the communication device 1 with which
the communication terminal 2 can communicate and an
amount of transmission data that is transmitted by each
application during one data transmission operation are
stored in association with a communication terminal ID.
[0245] In the example shown in Fig. 17, a case in which
a communication terminal 2 having a communication ter-
minal ID of 9001 receives data output by a communica-
tion device 1a having a device ID of 1001 and a commu-
nication device 1b having a device ID of 1002 is shown.
The communication device 1a can execute an application
having an application ID of a51 in which an amount of
transmitted data is 10 bytes and an application having
an application ID of a52 in which an amount of transmitted
data is 20 bytes. The communication device 1b can ex-
ecute an application having an application ID of a51 in
which an amount of transmitted data is 10 bytes and an
application having an application ID of a53 in which an
amount of transmitted data is 45 bytes.
[0246] Also, the storage unit 332 stores data transmit-
ted by the plurality of communication devices 1 received
from the communication terminal 2 in association with
the device ID of the communication device 1. Further-
more, the storage unit 332 may store a data provision
DB in which an acquirer ID of a data acquirer who ac-
cesses the data management device 3 via the data ac-
quisition device 4 and a device ID and an application ID
of a communication device 1 and an application regis-
tered as targets from which the data acquirer acquires
data are associated.
[0247] The control unit 333 is, for example, a CPU, and
identifies a disconnection timing to be provided through
a notification of each communication terminal 2 and no-
tifies the communication terminal 2 of the identified dis-
connection timing, by executing a program stored in the
storage unit 332.
[0248] For example, the identification unit 3331 re-
quests the base station 5 to provide a clock time of tran-
sition to the RRC connected state related to the commu-
nication terminal 2 in accordance with reception of sector
information for identifying the base station 5 to which the
communication terminal 2 belongs from the communica-
tion terminal 2. When a clock time at which the commu-
nication terminal 2 transmitting the sector information has
transitioned to the RRC connected state is acquired from
the base station 5, the identification unit 3331 identifies
the next clock time at which the base station 5 transitions
to the RRC idle state related to the communication ter-
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minal 2 by adding a time until the base station 5 transitions
to the RRC idle state to the acquired clock time. The
identification unit 3331 registers the identified RRC idle
transition clock time in the disconnection timing DB and
notifies the communication control unit 3332 of the RRC
idle transition time. The identification unit 3331 may fur-
ther acquire an RRC idle duration time corresponding to
the communication terminal 2 from the base station 5,
register the acquired RRC idle duration time in the dis-
connection timing DB, and notify the communication con-
trol unit 3332 of the RRC idle duration time.
[0249] The communication control unit 3332 controls
transmission and reception of data to and from the com-
munication terminal 2. For example, the communication
control unit 3332 notifies the communication terminal 2
of the RRC idle transition clock time in the base station
5 that communicates with the communication terminal 2
transmitting the sector information of the notification from
the identification unit 3331. The communication control
unit 3332 may further notify the communication terminal
2 of a period during which the base station 5 disconnects
the wireless communication circuit with the communica-
tion terminal 2 transmitting the sector information. For
example, the communication control unit 3332 provides
a notification of a disconnection timing or a disconnection
period using signaling information used for the connec-
tion control of the wireless communication circuit. The
communication control unit 3332 starts reception of the
data from the communication terminal 2 by notifying the
communication terminal 2 of an APN that is an address
of a gateway of the communication network N1.
[0250] The request acceptance unit 3333 accepts a
request for selecting a communication device 1 and an
application from which data is acquired from the data
acquisition device 4. The request acceptance unit 3333
transmits a list of communication devices 1 and applica-
tions from which data is collected by the data manage-
ment device 3 to the data acquisition device 4 via the
second communication unit 3312.
[0251] When the data acquirer selects the communi-
cation device 1 and the application from which data is
desired to be acquired from the list of communication
devices 1 and applications displayed via the data acqui-
sition device 4, the data acquisition device 4 transmits a
data acquisition request including information (e.g., a de-
vice ID and an application ID) for identifying the selected
communication device 1 and the selected application and
an acquirer ID to the data management device 3. When
the data acquisition request is received from the data
acquisition device 4, the request acceptance unit 3332
performs registration in the data provision DB within the
storage unit 332 by notifying the storage control unit 3334
of the acquirer ID, the device ID and the application ID
included in the data acquisition request.
[0252] If a request for acquiring data from the data ac-
quisition device 4 has been accepted, the request ac-
ceptance unit 3333 provides data transmitted by an ap-
plication indicated in the request, received via the com-

munication network N1, by transmitting the data to the
data acquisition device 4 with reference to the data pro-
vision DB stored in the storage unit 332. In the data pro-
vision DB, the acquirer ID corresponding to the data ac-
quisition device 4 transmitting the data acquisition re-
quest and the device ID of the communication device
from which the data is provided to the data acquisition
device 4 of the acquirer ID are associated. In the data
provision DB, an application ID of an application that is
a target from which data is provided to the data acquisi-
tion device 4 of the acquirer ID may further be associated.
[0253] The request acceptance unit 3333 may accept
requests for selecting the same application to be execut-
ed by the same communication device 1 from the plurality
of data acquisition devices 4. When the request accept-
ance unit 3333 has accepted requests for selecting the
same application to be executed by the same communi-
cation device 1 from the plurality of data acquisition de-
vices 4, the communication control unit 3332 provides
the plurality of data acquisition devices 4 with data trans-
mitted by the application indicated in the request among
pieces of data received via the communication network
N1.
[0254] The storage control unit 3334 writes data to the
storage unit 332 or reads data stored in the storage unit
332 on the basis of instructions from the identification
unit 3331, the communication control unit 3332, and the
request acceptance unit 3333. For example, the storage
control unit 3334 causes the storage unit 332 to store
device data received from the communication terminal 2
by the communication control unit 3332 in association
with the device ID and the application ID.

[Communication sequence]

[0255] Fig. 18 is a diagram showing a communication
sequence in the communication system S of the third
embodiment.
[0256] First, the terminal control unit 324 of the com-
munication terminal 2 monitors whether or not commu-
nication with a new base station 5 has started when the
communication terminal 2 has been powered on or a
handover has occurred (S311). When it is determined
that the communication with the new base station 5 has
started (YES in S311), the terminal control unit 324 of
the communication terminal 2 identifies a sector of the
base station 5 (S312) and transmits, for example, a base
station ID, as information related to the identified sector
to the data management device 3.
[0257] In the data management device 3, the identifi-
cation unit 3331 acquires a clock time at which an RRC
connected state related to the communication terminal 2
has been reached from the base station 5 and identifies
a disconnection timing on the basis of acquired informa-
tion (S313). The communication control unit 3332 trans-
mits the disconnection timing identified by the identifica-
tion unit 3331 to the communication terminal 2.
[0258] Thereafter, when a timing of transmission of col-
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lected information has been reached (YES in S314), the
communication device 1 generates transmission data
(S315) and transmits the transmission data to the com-
munication terminal 2. When the transmission data is re-
ceived, the terminal control unit 324 of the communica-
tion terminal 2 stores the received transmission data in
the storage unit 323 (S316).
[0259] Subsequently, the terminal control unit 324 of
the communication terminal 2 monitors whether or not a
current clock time is a clock time within a prescribed
range with respect to the disconnection timing (S317).
When the terminal control unit 324 of the communication
terminal 2 determines that the current clock time is not
within the prescribed range with respect to the discon-
nection timing (NO in S317), the terminal control unit 324
of the communication terminal 2 transmits the transmis-
sion data stored in the storage unit 323 to the data man-
agement device 3. When the data is received, the com-
munication control unit 3332 of the data management
device 3 registers the received data in the data provision
DB within the storage unit 332 in association with a com-
munication terminal ID. When the terminal control unit
324 determines that the current clock time is within the
prescribed range with respect to the disconnection timing
in step S 317, the terminal control unit 324 waits without
transmitting the transmission data.

[Effects of communication system S]

[0260] In a wireless communication network, a process
of periodically disconnecting the wireless communication
circuit is performed to prevent a state in which the wire-
less communication circuit is connected for a long period
from continuing. In the conventional system, because the
wireless communication circuit is not assumed to be dis-
connected in this manner, there is a problem in that data
is transmitted at the timing when the wireless communi-
cation circuit is disconnected and some data cannot be
collected. According to the third embodiment described
above, it is possible to increase a probability that data
transmitted by the communication terminal can be col-
lected.
[0261] The data management device 3 according to
the third embodiment acquires a timing related to com-
munication of device data and transmits timing informa-
tion indicating the timing to the communication terminal
2. Also, the communication terminal 2 receives the device
data and the timing information and transmits the re-
ceived device data via the wireless communication circuit
on the basis of the timing information.
[0262] More specifically, in the communication system
S of the third embodiment, the data management device
3 identifies a disconnection timing at which the commu-
nication terminal 2 and the base station 5 transition to
the RRC idle state and notifies the communication ter-
minal 2 of the identified disconnection timing. The com-
munication terminal 2 transmits the device data received
from the communication device 1 at a timing other than

the disconnection timing provided through the notifica-
tion. Thereby, because it is possible to prevent the loss
of a packet including data transmitted by the communi-
cation terminal 2 from occurring, it is possible to increase
a possibility that the data management device 3 can col-
lect data transmitted by the communication terminal 2.

<Fourth embodiment>

[0263] A fourth embodiment is different from the third
embodiment in that the data management device 3 iden-
tifies a disconnection timing of the base station 5 in the
third embodiment, whereas a communication terminal 2
identifies a disconnection timing of a base station 5 in
the fourth embodiment.
[0264] A terminal control unit 324 of the communication
terminal 2 according to the fourth embodiment identifies
a disconnection timing that is a timing at which the base
station 5 disconnects the wireless communication circuit
and transmits device data received by the device com-
munication unit 321 via the wireless communication cir-
cuit at a timing other than the identified disconnection
timing. The communication terminal 2 identifies the dis-
connection timing according to the following procedure
and transmits the device data at a timing other than the
disconnection timing.
[0265] For example, when the RRC connected state
has continued for a long time, the terminal control unit
324 acquires a time until the base station 5 transitions to
the RRC idle state from the base station 5 and causes
the storage unit 323 to store the acquired time. Then, the
terminal control unit 324 estimates a clock time of tran-
sition to the RRC idle state as a disconnection timing by
adding a time until the transition to the RRC idle state
has been reached stored in the storage unit 323 to a
clock time at which the RRC connected state related to
the base station 5 has been initially reached after turning
on a power to the communication terminal 2. The terminal
control unit 324 executes a process as in the third em-
bodiment on the basis of the estimated disconnection
timing and transmits the device data at a time other than
the disconnection timing.
[0266] As in the third embodiment, the terminal control
unit 324 may temporarily hold the device data in the stor-
age unit 323 without transmitting the device data received
from the communication device 1 during a prescribed
period before the disconnection timing and transmit the
held device data after the disconnection timing ends and
the RRC connected state is reached. Also, the terminal
control unit 324 may determine a prescribed period on
the basis of a communication delay time between the
communication terminal 2 and the base station 5. Also,
the terminal control unit 324 may determine a prescribed
period on the basis of an amount of device data received
from the communication device 1. Further, the terminal
control unit 324 may determine a prescribed period as a
length differing according to each application transmitting
the device data in the communication device 1.
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<Fifth embodiment>

[Configuration of communication system S]

[0267] The drawing showing a configuration of a com-
munication system S according to a fifth embodiment is
similar to Fig. 1 according to the first embodiment. The
communication system S includes a plurality of commu-
nication devices 1, a communication terminal 2, a data
management device 3, and a data acquisition device 4.
The communication terminal 2 can transmit device data
received from the plurality of communication devices 1
to the data management device 3 via a communication
network N1 and a relay network N2.
[0268] A base station 5, the communication network
N1, and the relay network N2 are as described in the first
embodiment.
[0269] The communication device 1 is as described in
the first embodiment.
[0270] The communication terminal 2 receives a plu-
rality of pieces of device data from a plurality of commu-
nication devices 1. As will be described in detail below,
the communication terminal 2 temporarily stores the re-
ceived device data and transfers the device data to the
data management device 3 by transmitting the stored
device data to the communication network N1 at a timing
determined on the basis of a state of the communication
device 1.
[0271] As described in the first embodiment, the data
management device 3 is, for example, a server managed
by a communication carrier that provides a service using
the communication network N1. The data management
device 3 provides the device data received from the com-
munication terminal 2 to the data acquisition device 4 via
the communication network N1 and the relay network N2.
[0272] Specifically, the data management device 3 col-
lects device data transmitted from the plurality of com-
munication devices 1 via the communication terminal 2
and the communication network N1. The data manage-
ment device 3 stores the received device data in a stor-
age medium such as a hard disk, and transmits the device
data itself or information generated on the basis of the
device data to the data acquisition device 4 in response
to a request from the data acquisition device 4 (4a, 4b,
or 4c).
[0273] The data acquisition device 4 is as described in
the first embodiment.
[0274] A flow of data in the communication system S
in the fifth embodiment is similar to Fig. 2 according to
the first embodiment.
[0275] Meanwhile, when there are a large number of
communication terminals 2 accommodated in one base
station 5 and furthermore there are a large number of
communication devices 1 connected to the communica-
tion terminal 2, device data output from a large number
of communication devices 1 is transmitted to the com-
munication network N1. Because the communication
network N1 is congested when a large amount of device

data is transmitted at the same time, a case in which the
communication terminal 2 stores the device data and
transmits the stored device data during a time period
when traffic of the communication network N1 is small is
conceivable.
[0276] However, it is not preferable that device data
required to be transmitted in real time be stored in the
communication terminal 2 for a long time. For example,
if there is a delay until device data related to an initial
setting output by the communication device 1 is trans-
mitted when the communication device 1 is installed and
powered on, a person who monitors whether or not the
installation has succeeded is required to wait for a long
time until the device data is transmitted.
[0277] Therefore, the communication terminal 2 ac-
cording to the present embodiment is characterized in
that device data required to be promptly transmitted can
be quickly transmitted, for example, as at an initial setting
time, by controlling a priority for transmitting the device
data in accordance with the state of the communication
device 1. For example, when the communication device
1 has initially transmitted the device data to the commu-
nication terminal 2 after turning on the power, the com-
munication terminal 2 transmits the device data initially
transmitted to the communication terminal 2 after the
communication device 1 is installed to the communica-
tion network N1 with a priority higher than that of device
data transmitted by the communication device 1 after
power failure recovery after the initial setting is complet-
ed.
[0278] Hereinafter, a configuration of the communica-
tion terminal 2 will be described in detail.

[Configuration of communication terminal 2]

[0279] Next, a configuration and an operation of the
communication terminal 2 will be described.
[0280] Fig. 19 is a diagram showing the configuration
of the communication terminal 2 according to the fifth
embodiment. The communication terminal 2 includes a
device communication unit 421, a network communica-
tion unit 422, a storage unit 423, and a communication
control unit 424.
[0281] The device communication unit 421 is a wire-
less communication interface for receiving data transmit-
ted by the communication device 1.
[0282] The network communication unit 422 is a wire-
less communication interface for transmitting data re-
ceived from the communication device 1 to the commu-
nication network N1. For example, the network commu-
nication unit 422 can transmit and receive data to and
from the base station 5 of the communication network
N1 in accordance with an LTE standard.
[0283] The storage unit 423 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 423
stores a communication program to be executed by the
communication control unit 424. Also, the storage unit
423 stores device data received from the communication
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device 1 in association with a device ID of the commu-
nication device 1 and a date and time received from the
communication device 1 on the basis of control of the
communication control unit 424.
[0284] Further, the storage unit 423 stores a reception
history indicating that the device communication unit 421
has received prescribed data transmitted by the commu-
nication device 1 in an initial state.
[0285] Fig. 20 is a diagram showing an example of a
reception history DB stored in the storage unit 423 ac-
cording to the fifth embodiment. In the reception history
DB, a state flag indicating whether or not each of a plu-
rality of communication devices 1 with which the com-
munication terminal 2 can communicate is in an initial
state is associated with a device ID.
[0286] The storage unit 423 stores a flag of 0 indicating
the initial state in association with the device ID for iden-
tifying the communication device 1 until the device com-
munication unit 421 receives device data transmitted
from the communication device 1 at the initial setting time.
After the device communication unit 421 receives the de-
vice data transmitted at the initial setting time from the
communication device 1, the storage unit 423 stores a
flag of 1 indicating a state in which the initial setting is
completed in association with the device ID.
[0287] The communication control unit 424 is, for ex-
ample, a CPU, and executes various types of operations
by executing a communication program stored in the stor-
age unit 423. The communication control unit 424 iden-
tifies the state of the communication device 1. The com-
munication control unit 424 causes the storage unit 423
to store device data received via the device communica-
tion unit 421 and transmits device data stored in the stor-
age unit 423, i.e., device data received by the device
communication unit, to the communication network N1
with a priority according to the identified state of the com-
munication device 1.
[0288] For example, the communication control unit
424 determines whether the communication device 1 is
in an initial state or a non-initial state on the basis of the
device data received from the communication device 1
by the device communication unit 421. Then, when it is
determined that the communication device 1 is in the
initial state, the communication control unit 424 transmits
the device data at a timing earlier than that when the
state determination unit determines that the communica-
tion device 1 is in the non-initial state.
[0289] When a reception history indicating that the de-
vice data transmitted at the initial setting time has been
received is not stored in the storage unit 423 at a point
in time when the device communication unit 421 has re-
ceived prescribed data from the communication device
1 (e.g., when the flag is 0), the communication control
unit 424 determines that the communication device 1 is
in the initial state. The communication control unit 424
may determine that the communication device 1 is in the
initial state when the device ID is not stored in the storage
unit 423.

[0290] The communication control unit 424 may iden-
tify the application of the communication device 1 trans-
mitting the device data and determine that the commu-
nication device 1 is in the initial state when the identified
application is an application to be executed by the com-
munication device 1 in the initial state. The communica-
tion control unit 424 transmits the device data output by
the application executed by the communication device 1
in the initial state in a priority higher than that of the device
data output by the application executed by the commu-
nication device 1 in the non-initial state.
[0291] For example, when the communication control
unit 424 determines that the device data received by the
device communication unit 421 is data to be transmitted
in the initial state, the communication control unit 424
transmits the device data within the first time from recep-
tion of the device data. When the communication control
unit 424 determines that the device data received by the
device communication unit 421 is data that is not trans-
mitted in the initial state, the device data is transmitted
when the second time longer than the first time has
elapsed from the reception of the device data. Thereby,
it is possible to preferentially transmit the device data
transmitted in a state in which the initial setting of the
communication device 1 is not completed and it is pos-
sible to reduce a probability that the communication net-
work N1 will be congested.
[0292] The communication control unit 424 may deter-
mine a priority on the basis of a combination of a device
ID of the communication device 1 and an application ID
of the application outputting the device data. For exam-
ple, when the device data output by the application to be
used in the initial setting from the communication device
1 in which the device ID is not stored in the storage unit
423 has been received, the communication control unit
424 sets a priority higher than that when other device
data has been received.
[0293] When it is identified that an abnormality has oc-
curred in the communication device 1, the communica-
tion control unit 424 may increase the priority of the de-
vice data received from the communication device 1. For
example, when the device data received from the com-
munication device 1 is data indicating occurrence of an
abnormal state, the communication control unit 424
transmits the received data in a priority higher than that
of data that does not indicate occurrence of an abnormal
state. Thereby, a manager of the communication device
1 can quickly recognize that an abnormality has occurred
in the communication device 1.
[0294] The communication control unit 424 may deter-
mine the priority on the basis of a time period during which
the device data is transmitted. For example, the commu-
nication control unit 424 determines whether or not to
transmit the device data in a priority according to a state
of the communication device 1 during each time period
on the basis of a degree of congestion of each time period
of the wireless communication circuit. For example, the
communication control unit 424 may determine the pri-
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ority on the basis of the state of the communication device
1 during a time period when a degree of congestion in
the communication network N1 is greater than or equal
to a prescribed value or a time period when a frequency
at which transmitted data is required to be retransmitted
is greater than or equal to a prescribed value and transmit
device data without changing the priority according to the
state of the communication device 1 during other time
periods.
[0295] Furthermore, if there are a plurality of pieces of
device data having the same priority during a time period
when device data is transmitted in a priority according to
the state of the communication device 1, the communi-
cation control unit 424 may transmit each piece of device
data at a random timing within a prescribed time range.
Also, when there are a plurality of pieces of device data
having the same priority, the communication control unit
424 may combine a plurality of pieces of device data to
transmit the device data. Thereby, for example, because
it is possible to prevent a large number of packets from
being transmitted to the communication network N1
when a large number of communication devices 1 in
which initial settings are not completed are simultane-
ously activated, it is possible to minimize occurrence of
congestion.
[0296] Also, the communication control unit 424 may
determine the priority on the basis of a radio wave state
of a frequency band used in the wireless communication
circuit during a period from the reception of the device
data to the transmission of the device data. For example,
the communication control unit 424 determines the pri-
ority on the basis of the state of the communication device
1 when a S/N ratio of radio waves to be used is less than
a prescribed threshold value and transmits device data
without changing the priority according to the state of the
communication device 1 during other time periods.
Thereby, the communication terminal 2 can quickly trans-
mit device data with a high priority even when the radio
wave state is bad.
[0297] Also, although an example in which the com-
munication device 1 uses the initial setting state as the
state of the communication device 1 has been mainly
described above, the communication terminal 2 can use
various other states as the state of the communication
device 1. For example, the communication terminal 2
may increase the priority when the device data indicating
that the communication device 1 has moved is transmit-
ted from the communication device 1 assumed not to
have moved. Thereby, for example, a data acquirer who
is monitoring the state of the vending machine can quickly
detect that money within the vending machine has been
stolen due to the vibration of the communication device
1 installed in the vending machine.

[Configuration of data management device 3]

[0298] Fig. 21 is a diagram showing a configuration of
the data management device 3 according to the fifth em-

bodiment. The data management device 3 includes a
communication unit 431, a storage unit 432, and a control
unit 433.
[0299] The communication unit 431 includes a first
communication unit 4311 and a second communication
unit 4312. The first communication unit 4311 is a com-
munication interface for transmitting and receiving data
to and from the communication terminal 2 via the com-
munication network N1 and has, for example, a termina-
tion interface of a portable phone network. The first com-
munication unit 4311 may have a LAN interface for con-
necting with a termination device of the portable phone
network.
[0300] The second communication unit 4312 has a
communication interface for transmitting and receiving
data to and from the data acquisition device 4 via the
relay network N2. The second communication unit 4312
is, for example, a LAN interface.
[0301] The storage unit 432 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 432
stores a communication terminal DB in which the com-
munication terminal ID is associated with the device ID
of the communication device 1 with which each commu-
nication terminal 2 can directly communicate without in-
volving the base station 5.
[0302] A drawing showing an example of the commu-
nication terminal DB according to the fifth embodiment
is similar to Fig. 6 according to the first embodiment. In
the communication terminal DB, an application ID that is
identification information of an application executable by
the communication device 1 with which the communica-
tion terminal 2 can communicate and an amount of trans-
mission data to be transmitted by each application during
one data transmission operation are stored in association
with a communication terminal ID.
[0303] Also, the storage unit 432 stores data transmit-
ted by the plurality of communication devices 1 received
from the communication terminal 2 in association with
the device ID of the communication device 1. Further-
more, the storage unit 432 may store a data provision
DB in which an acquirer ID of a data acquirer who ac-
cesses the data management device 3 via the data ac-
quisition device 4 and a device ID and an application ID
of a communication device 1 and an application regis-
tered as targets from which the data acquirer acquires
the data are associated.
[0304] The control unit 433 is, for example, a CPU, and
determines a timing at which each communication termi-
nal 2 transmits data by executing a program stored in the
storage unit 432.
[0305] The control unit 433 includes a communication
control unit 4331, a request acceptance unit 4332, a stor-
age control unit 4333, and a timing determination unit
4334.
[0306] The communication control unit 4331 controls
transmission and reception of data to and from the com-
munication terminal 2. The communication control unit
4331 starts the reception of data from the communication
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terminal 2 by notifying the communication terminal 2 ca-
pable of communicating with the communication device
1 that outputs data to be provided to the data acquisition
device 4 of an APN that is an address of a gateway of
the communication network N1. Also, the communication
control unit 4331 functions as a transmission unit that
transmits timing information indicating a timing deter-
mined by the timing determination unit 4333 to the com-
munication terminal 2 via the first communication unit
4311.
[0307] The request acceptance unit 4332 accepts a
request for selecting a communication device 1 and an
application that are targets from which data is acquired
from the data acquisition device 4. The request accept-
ance unit 4332 transmits a list of communication devices
1 and applications that are targets from which data is
collected by the data management device 3 to the data
acquisition device 4 via the second communication unit
4312.
[0308] When the data acquirer selects the communi-
cation device 1 and the application from which data is
desired to be acquired from the list of communication
devices 1 and applications displayed via the data acqui-
sition device 4, the data acquisition device 4 transmits a
data acquisition request including information (e.g., a de-
vice ID and an application ID) for identifying the selected
communication device 1 and the selected application and
an acquirer ID to the data management device 3. When
the data acquisition request is received from the data
acquisition device 4, the request acceptance unit 4332
performs registration in the data provision DB within the
storage unit 432 by notifying the storage control unit 4333
of the acquirer ID, the device ID and the application ID
included in the data acquisition request.
[0309] When a request for acquiring data from the data
acquisition device 4 has been accepted, the request ac-
ceptance unit 4332 refers to the data provision DB stored
in the storage unit 432 and provides data transmitted by
an application indicated in the request, received via the
communication network N1, by transmitting the data to
the data acquisition device 4. In the data provision DB,
the acquirer ID corresponding to the data acquisition de-
vice 4 transmitting the data acquisition request and the
device ID of the communication device that is a target
from which data is provided to the data acquisition device
4 of the acquirer ID are associated. In the data provision
DB, the application ID of the application that is a target
from which data is provided to the data acquisition device
4 of the acquirer ID may be further associated.
[0310] The request acceptance unit 4332 may accept
requests for selecting the same application to be execut-
ed by the same communication device 1 from a plurality
of data acquisition devices 4. When the request accept-
ance unit 4332 has accepted the request for selecting
the same application to be executed by the same com-
munication device 1 from the plurality of data acquisition
devices 4, the communication control unit 4331 provides
the plurality of data acquisition devices 4 with data trans-

mitted by the application indicated in the request among
pieces of data received via the communication network
N1.
[0311] The storage control unit 4333 writes data to the
storage unit 432 or reads data stored in the storage unit
432 on the basis of instructions from the communication
control unit 4331 and the request acceptance unit 4332.
For example, the storage control unit 4333 causes the
storage unit 432 to store the device data received from
the communication terminal 2 by the communication con-
trol unit 4331 in association with the device ID and the
application ID.

[Communication sequence in communication system S]

[0312] Fig. 22 is a diagram showing a communication
sequence in a communication system S of the fifth em-
bodiment.
[0313] First, when a timing of transmission of collected
information has been reached (YES in S411), the com-
munication device 1 generates transmission data (S412)
and transmits the transmission data to the communica-
tion terminal 2. When the transmission data is received,
the communication terminal 2 stores the received trans-
mission data in the storage unit 423 (S413).
[0314] Subsequently, the communication terminal 2
checks whether or not a timing for data transmission to
the data management device 3 has been reached
(S414). Details of the processing of step S414 will be
described below. When the timing for data transmission
has been reached (YES in S414), the communication
terminal 2 transmits the stored data to the data manage-
ment device 3. When the data is received, the commu-
nication control unit 4331 registers the received data in
the data provision DB within the storage unit 432 in as-
sociation with the communication terminal ID.

[Operation flowchart of communication terminal 2]

[0315] Fig. 23 is a flowchart of an operation in which
the communication terminal 2 processes device data.
When device data is received from the communication
device 1 (S421), the communication control unit 424
identifies the state of the communication device 1 in any
one of the above methods. For example, the communi-
cation control unit 424 determines whether or not the
communication device 1 is in an initial state (S422).
[0316] If the communication control unit 424 deter-
mines that the communication device 1 is in the initial
state (YES in S422), the communication control unit 424
monitors whether or not the first time has elapsed from
reception of the device data (S423) and transmits the
received device data to the communication network N1
(S424) when the first time has elapsed (YES in S423).
Also, the first time may be zero. That is, when the com-
munication device 1 is in the initial state, the communi-
cation control unit 424 may transmit the device data to
the communication network N1 without waiting after re-
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ception of the device data.
[0317] If the communication control unit 424 deter-
mines that the communication device 1 is not in the initial
state (NO in S422), the communication control unit 424
monitors whether or not a second time longer than the
first time has elapsed from the reception of the device
data (S425) and transmits the received device data to
the communication network N1 (S424) when the second
time has elapsed (YES in S425).
[0318] The communication control unit 424 iterates the
operations of steps S421 to S425 until the operation of
turning off the power supply of the communication termi-
nal 2 is performed (NO in step S426).

[Advantageous effects of communication terminal 2]

[0319] When the communication terminal transmits
data to the management device that collects data, im-
portance or a priority of the data differs according to a
state of the communication terminal. For example, al-
though the priority of data is high because it is necessary
to quickly provide a notification indicating that the instal-
lation has been completed normally immediately after
the communication terminal is installed, the priority of
data is low while data is constantly transmitted.
[0320] However, because a case in which the priority
of data differs according to the state of the communication
terminal is not taken into account in the conventional sys-
tem, there is a problem in that data transmission is de-
layed to prevent the timing from overlapping a timing at
which another communication terminal transmits data
even when the communication terminal intends to trans-
mit high-priority data. According to the fifth embodiment
described above, data can be transmitted at a timing suit-
able for the state of the communication terminal.
[0321] The communication terminal 2 according to the
fifth embodiment includes a device communication unit
421 configured to receive the device data output by the
communication device 1 and a communication control
unit 424 configured to identify the state of the communi-
cation device 1 and transmit device data received by the
device communication unit 421 in a priority according to
the identified state to the wireless communication circuit.
According to such a configuration of the communication
terminal 2, the communication device 1 can quickly check
the device data when a state in which it is necessary to
quickly check the device data output by the communica-
tion device 1 is reached.

<Sixth embodiment>

[Configuration of communication system S]

[0322] The drawing showing the configuration of the
communication system S according to the sixth embod-
iment is similar to Fig. 1 according to the first embodi-
ment. The communication system S includes a plurality
of communication devices 1, a communication terminal

2, a data management device 3, and a data acquisition
device 4. The communication terminal 2 can transmit de-
vice data received from the plurality of communication
devices 1 to the data management device 3 via a com-
munication network N1 and a relay network N2.
[0323] A base station 5, the communication network
N1, and the relay network N2 are as described in the first
embodiment. The communication device 1 is also as de-
scribed in the first embodiment.
[0324] The communication terminal 2 receives a plu-
rality of pieces of device data from a plurality of commu-
nication devices 1. As will be described in detail below,
the communication terminal 2 temporarily stores the re-
ceived device data and transfers device data to the data
management device 3 by transmitting the stored device
data to the communication network N1 after the device
data is stored until a prescribed amount set in association
with at least either the communication device 1 or an
attribute of the device data has been reached.
[0325] As described in the first embodiment, the data
management device 3 is, for example, a server managed
by a communication carrier that provides a service using
the communication network N1. The data management
device 3 provides the device data received from the com-
munication terminal 2 to the data acquisition device 4 via
the communication network N1 and the relay network N2.
[0326] Specifically, the data management device 3 col-
lects device data transmitted from the plurality of com-
munication devices 1 via the communication terminal 2
and the communication network N1. The data manage-
ment device 3 stores the received device data in a stor-
age medium such as a hard disk and transmits the device
data itself or information generated on the basis of the
device data to the data acquisition device 4 in response
to a request from the data acquisition device 4 (4a, 4b,
or 4c).
[0327] The data acquisition device 4 is as described
with reference to the first embodiment.
[0328] A flow of data in the communication system S
according to the sixth embodiment is similar to Fig. 2
according to the first embodiment.
[0329] Meanwhile, when there are a large number of
communication terminals 2 accommodated in one base
station 5 and there are a large number of communication
devices 1 connected to the communication terminal 2,
the device data output by a large number of communi-
cation devices 1 is transmitted to the communication net-
work N1. When the communication terminal 2 transmits
data to the base station 5, it is necessary to transmit
various types of additional information such as a trans-
mission destination address and a transmission source
address in addition to data to be transmitted. Therefore,
when each communication device 1 periodically outputs
a small amount of device data and the communication
terminal 2 transmits the received device data to the com-
munication network N1 every time device data is received
from a large number of communication devices 1, a ratio
of the amount of additional information to the amount of
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data to be transmitted increases. As a result, even though
an amount of data transmission itself is small, a resource
occupancy rate of the wireless communication circuit in-
creases. As a result, a probability that an occurring of
congestion in the communication network N1 increases.
[0330] Therefore, the communication terminal 2 ac-
cording to the present embodiment temporarily stores
the device data received from a large number of commu-
nication devices 1, combines the stored device data into
one-packet data, and then transmits the one-packet data
to the base station 5. Thereby, a resource occupancy
rate of the wireless communication circuit per unit amount
of the device data to be transmitted is reduced and it is
possible to prevent congestion from occurring in the com-
munication network N1.

[Configuration of communication terminal 2]

[0331] Next, a configuration and an operation of the
communication terminal 2 will be described.
[0332] Fig. 24 is a diagram showing the configuration
of the communication terminal 2 according to the sixth
embodiment. The communication terminal 2 includes a
device communication unit 521, a network communica-
tion unit 522, a storage unit 523, and a communication
control unit 524.
[0333] The device communication unit 521 is a wire-
less communication interface for receiving data transmit-
ted by the communication device 1.
[0334] The network communication unit 522 is a wire-
less communication interface for transmitting the data
received from the communication device 1 to the com-
munication network N1. The network communication unit
522 can transmit and receive data to and from the base
station 5 of the communication network N1 in accordance
with, for example, an LTE standard.
[0335] The storage unit 523 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 523
stores a program for communication to be executed by
the communication control unit 524. Also, the storage
unit 523 stores the device data received from the com-
munication device 1 in association with a device ID of
the communication device 1 and a date and time received
from the communication device 1 on the basis of control
of the communication control unit 524. Also, the storage
unit 523 stores various types of information to be used
by the communication control unit 524 to determine an
amount of device data to be stored before the device
data received from the communication device 1 is trans-
mitted.
[0336] The communication control unit 524 is, for ex-
ample, a CPU, and executes a communication program
stored in the storage unit 523 to operate the communi-
cation terminal 2. The communication control unit 524
transmits the stored device data after the device data is
stored in the storage unit 523 until a prescribed amount
set in association with the communication device 1 out-
putting the device data has been reached. The pre-

scribed amount is determined on the basis of, for exam-
ple, a relationship between a resource occupancy rate
of the wireless communication circuit and a transmission
delay time and may be referred to as an amount of buff-
ering in the following description. The resource occupan-
cy rate is a ratio of an amount of transmission of the
device data to an average total amount of use of the
wireless communication circuit.
[0337] The communication control unit 524 transmits
the stored device data to the communication network N1
after the device data is stored in the storage unit 523 until
a total amount of the device data of the plurality of packets
stored in the storage unit 523 or the total number of pack-
ets including the device data stored in the storage unit
523 reaches a prescribed amount.
[0338] Fig. 25 is a table showing an example of a re-
lationship between an amount of device data stored by
the communication terminal 2 (an amount of buffering)
and a radio resource occupancy rate in the sixth embod-
iment. Fig. 26 is a diagram showing an example of the
relationship between the amount of buffering and the ra-
dio resource occupancy rate and the relationship be-
tween the amount of buffering and the delay time accord-
ing to the sixth embodiment. A solid line in Fig. 26 indi-
cates a delay time until device data is transmitted to the
communication network N1 after the communication ter-
minal 2 receives device data. A broken line indicates a
resource occupancy rate.
[0339] In Fig. 25, the amount of buffering, the trans-
mission interval, the number of transmissions per hour,
and the radio resource occupancy rate are associated.
As the amount of buffering increases, an interval at which
the communication terminal 2 transmits data to the com-
munication network N1 increases and the number of
transmissions per hour decreases. As a result, it can be
seen that the radio resource occupancy rate decreases.
[0340] According to Fig. 26, it can be seen that the
delay time exponentially increases as the amount of buff-
ering increases. In contrast, it can be seen that the re-
source occupancy rate exponentially decreases as the
amount of buffering increases. Therefore, the communi-
cation control unit 524 can reduce the resource occupan-
cy rate while minimizing the delay time by using an ap-
propriate amount of buffering determined on the basis of
the resource occupancy rate and the delay time.
[0341] For example, the communication control unit
524 determines the amount of buffering on the basis of
a maximum delay time indicated in a notification from the
data management device 3 on the basis of a request of
the data acquirer. The communication control unit 524
may determine the amount of buffering on the basis of a
maximum resource occupancy rate indicated in a notifi-
cation from the data management device 3 on the basis
of a request of the communication carrier. The commu-
nication control unit 524 may determine the amount of
buffering so that both the maximum delay time and the
maximum resource occupancy rate indicated in the no-
tification from the data management device 3 can be sat-
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isfied.
[0342] However, the attribute of the device data trans-
mitted by the communication device 1 is not uniform and
there are device data with a relatively large allowable
delay time and device data with a relatively small allow-
able delay time. Also, there are a communication device
1 that outputs a small volume of device data at a high
frequency, a communication device 1 that outputs a large
volume of device data at a low frequency. Therefore, the
communication control unit 524 controls the amount of
buffering on the basis of the communication device 1 or
the attribute of the device data and the like. Hereinafter,
a method of controlling the amount of buffering in the
communication control unit 524 will be described in detail.
[0343] When the frequency at which the communica-
tion device 1 outputs the device data is high and the trans-
mission interval is short, the delay time may not exces-
sively long even if the communication device 1 waits until
a relatively large amount of device data is stored. There-
fore, for example, after the device data is stored in the
storage unit 523 until a prescribed amount set on the
basis of the frequency at which the communication de-
vice 1 outputs the device data has been reached, the
communication control unit 524 transmits the stored de-
vice data. The communication control unit 524 increases
the amount of received device data stored in the storage
unit 523 as the frequency at which the communication
device 1 outputs the device data increases. Thereby, the
communication control unit 524 can maintain the re-
source occupancy rate so that the resource occupancy
rate is less than or equal to the prescribed value while
preventing the delay time from excessively increasing.
[0344] The communication control unit 524 may trans-
mit the stored device data after the device data is stored
in the storage unit 523 until a prescribed amount set on
the basis of the attribute of the device data has been
reached. For example, the communication control unit
524 can make a delay time of high-priority device data
less than a delay time of low-priority device data by mak-
ing an amount of buffering for device data set to a high
priority less than an amount of buffering for device data
set to a low priority.
[0345] Here, if the device communication unit 521 re-
ceives a plurality of device data from a plurality of com-
munication devices 1, the communication control unit 524
may transmit a plurality of pieces of device data before
device data is stored until a prescribed amount has been
reached when high-priority device data is included in the
plurality of pieces of device data received by the device
communication unit 521 within a prescribed period. For
example, the communication control unit 524 sets the
amount of buffering to a preset standard amount (e.g.,
50) when device data that does not have high priority is
received and assumes that high-priority device data has
been received. In this case, even if the amount of device
data stored in the storage unit 523 at that point in time is
less than the standard amount, the communication con-
trol unit 524 combines the device data stored in the stor-

age unit 523 and the received device data for transmis-
sion at a point in time when the high-priority device data
has been received. Thereby, it is possible to set a delay
time of high-priority device data to a minimum time while
reducing the resource occupancy rate.
[0346] The communication control unit 524 may deter-
mine the amount of buffering on the basis of details of
the device data received by the device communication
unit 521. For example, when device data is data whose
amount is less than a prescribed value as in a sensor
signal, the communication control unit 524 causes the
storage unit 523 to store the device data until a first
amount of buffering has been reached. When device data
is data whose amount is greater than a prescribed value
as in image data, the communication control unit 524
causes the storage unit 523 to store the device data until
a second amount of buffering less than the first amount
of buffering has been reached. Because the communi-
cation control unit 524 can set a size of a packet to be
transmitted to the communication network N1 within a
prescribed range by performing control in this manner, it
is possible to stably maintain the resource occupancy
rate within the prescribed range.
[0347] The communication control unit 524 may trans-
mit the stored device data after the device data is stored
in the storage unit 523 until a prescribed amount deter-
mined for each of a plurality of applications executable
by the communication device 1 has been reached. For
example, the communication control unit 524 refers to a
table showing a relationship between an application ID
and an amount of buffering pre-stored in the storage unit
523 and causes device data to be stored until an amount
of buffering corresponding to an application outputting
received device data has been reached.
[0348] When a plurality of pieces of device data output
by a plurality of applications from the communication de-
vice 1 have been sequentially received, the communica-
tion control unit 524 causes device data to be stored in
different regions of the storage unit 523 for each appli-
cation. At a point in time when an amount of device data
stored for each application has reached the amount of
buffering corresponding to the application, the stored de-
vice data is transmitted to the communication network
N1. Thereby, the communication terminal 2 can maintain
the resource occupancy rate within an appropriate range
while transmitting data with a delay time suitable for the
application.
[0349] Even when the amount of buffering is deter-
mined for each application, when device data output by
a first application among the plurality of applications is
stored in the storage unit 523 until an amount of buffering
corresponding to the first application has been reached,
the communication control unit 524 may be configured
to transmit device data output by another second appli-
cation among a plurality of applications through the same
packet. At this time, the communication control unit 524
may be configured to simultaneously transmit device da-
ta of the second application on condition that a sum of a
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total amount of device data output by the first application
and a total amount of data of the second application
stored at that point in time is less than or equal to a pre-
scribed threshold value. Thereby, the communication ter-
minal 2 can effectively reduce the resource occupancy
rate while transmitting data within a delay time range re-
quired for each application.
[0350] Meanwhile, the data acquirer may have no
meaning to acquire the device data if device data output
by the plurality of applications are incomplete. Therefore,
when data of a plurality of applications is transmitted in
one packet as described above, the communication con-
trol unit 524 may transmit device data output by two or
more applications preset among a plurality of applica-
tions on condition that the device data output by the two
or more applications has been stored in the storage unit
523 until amounts of buffering corresponding to each of
the two or more applications has been reached.
[0351] For example, when the data acquirer requires
both device data output by the sensor for detecting move-
ment of the vending machine and device data including
an image output by a monitoring camera for photograph-
ing the surroundings of the vending machine, the com-
munication control unit 524 transmits these two types of
device data after these two types of the device data is
stored until a prescribed amount of buffering has been
reached. Thereby, because the communication terminal
2 can avoid independent transmission of low-value de-
vice data even if the device data is independently trans-
mitted, the resource occupancy rate can be effectively
reduced.
[0352] Also, a timing at which device data is required
may differ according to the data acquirer. For example,
although it is preferable that device data be transmitted
as quickly as possible for a data acquirer monitoring de-
vice data in real time, it is only necessary to transmit
device data once a day for a data acquirer that refers to
device data only once a day.
[0353] Therefore, the storage unit 523 stores a data
acquirer ID, an application ID, and an amount of buffering
in association and the communication control unit 524
may determine the amount of buffering on the basis of
an application transmitting the device data and a trans-
mission destination of the device data. The communica-
tion control unit 524 transmits stored device data, after
the device data is stored in the storage unit 523 until the
amount of buffering corresponding to a data acquirer who
is a transmission destination of the device data has been
reached on the basis of a relationship between the data
acquirer ID and the amount of buffering stored in the stor-
age unit 523. Thereby, the communication terminal 2 can
effectively reduce the resource occupancy rate while sat-
isfying the data acquirer’s requirement.
[0354] When a plurality of data acquirers acquire de-
vice data output by one application of one communication
device 1, the communication control unit 524 may deter-
mine the amount of buffering on the basis of an earliest
timing among data acquisition timings desired by the plu-

rality of data acquirers. Thereby, the communication con-
trol unit 524 can transmit the device data at a timing sat-
isfied by all of the plurality of data acquirers.
[0355] Meanwhile, a case in which the necessity for
reducing the resource occupancy rate varies with a de-
gree of congestion in the communication network N1 is
conceivable. It is preferable that the communication ter-
minal 2 transmit device data as quickly as possible with-
out reducing the resource occupancy rate during a time
period when the communication network N1 is not con-
gested. Therefore, for example, the communication ter-
minal 2 acquires a statistical value of a congestion situ-
ation during each time period from the data management
device 3 and stores the acquired statistical value in the
storage unit 523. Then, the communication control unit
524 may transmit stored device data after the device data
is stored in the storage unit 523 until an amount of buff-
ering corresponding to a time period when device data
has been received has been reached on the basis of a
relationship between the time period and the amount of
buffering stored in the storage unit 523. Thereby, the
communication terminal 2 can prioritize reduction of the
resource occupancy rate during a time period when there
is a high possibility that the communication network N1
will be congested and prioritize quick transmission of de-
vice data during a time period when there is a low pos-
sibility that the communication network N1 will be con-
gested.

[Configuration of data management device 3]

[0356] Fig. 27 is a diagram showing a configuration of
the data management device 3 according to the sixth
embodiment. The data management device 3 includes
a communication unit 531, a storage unit 532, and a con-
trol unit 533.
[0357] The communication unit 531 includes a first
communication unit 5311 and a second communication
unit 5312. The first communication unit 5311 is a com-
munication interface for transmitting and receiving data
to and from the communication terminal 2 via the com-
munication network N1 and has, for example, a termina-
tion interface of a portable phone network. The first com-
munication unit 5311 may have a LAN interface for con-
necting with a termination device of the portable phone
network.
[0358] The second communication unit 5312 has a
communication interface for exchanging data with the
data acquisition device 4 via the relay network N2. The
second communication unit 5312 is, for example, a LAN
interface.
[0359] The storage unit 532 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 532
stores a communication terminal in which a communica-
tion terminal ID is associated with a device ID of a com-
munication device 1 with which each communication ter-
minal 2 can directly communicate without involving the
base station 5.
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[0360] A diagram showing an example of the commu-
nication terminal DB according to the sixth embodiment
is similar to Fig. 6 according to the first embodiment. In
the communication terminal DB, an application ID that is
identification information of an application executable by
the communication device 1 with which the communica-
tion terminal 2 can communicate and an amount of trans-
mission data that is transmitted by each application dur-
ing one data transmission operation are stored in asso-
ciation with a communication terminal ID.
[0361] Also, the storage unit 532 stores the data trans-
mitted by the plurality of communication devices 1 re-
ceived from the communication terminal 2 in association
with a device ID of the communication device 1. Further-
more, the storage unit 532 may store a data provision
DB in which an acquirer ID of a data acquirer who ac-
cesses the data management device 3 via the data ac-
quisition device 4 and a device ID and an application ID
of a communication device 1 and an application regis-
tered as targets from which the data acquirer acquires
the data are associated.
[0362] The control unit 533 is, for example, a CPU, and
determines a timing at which each communication termi-
nal 2 transmits data by executing a program stored in the
storage unit 532.
[0363] The control unit 533 includes a communication
control unit 5331, a request acceptance unit 5332, a stor-
age control unit 5333, and a timing determination unit
5334.
[0364] The communication control unit 5331 controls
transmission and reception of data to and from the com-
munication terminal 2. The communication control unit
5331 starts the reception of data from the communication
terminal 2 by notifying the communication terminal 2 ca-
pable of communicating with the communication device
1 that outputs data to be provided to the data acquisition
device 4 of an APN that is an address of a gateway of
the communication network N1. Also, the communication
control unit 5331 functions as a transmission unit that
transmits timing information indicating a timing deter-
mined by the timing determination unit 5334 to the com-
munication terminal 2 via the first communication unit
5311.
[0365] The request acceptance unit 5332 accepts a
request for selecting a communication device 1 and an
application that are targets from which data is acquired
from the data acquisition device 4. The request accept-
ance unit 532 transmits a list of communication devices
1 and applications that are targets from which data is
collected by the data management device 3 to the data
acquisition device 4 via the second communication unit
5312.
[0366] When the data acquirer selects the communi-
cation device 1 and the application from which data is
desired to be acquired from the list of communication
devices 1 and applications displayed via the data acqui-
sition device 4, the data acquisition device 4 transmits a
data acquisition request including information (e.g., a de-

vice ID and an application ID) for identifying the selected
communication device 1 and the selected application and
an acquirer ID to the data management device 3. When
the data acquisition request is received from the data
acquisition device 4, the request acceptance unit 5332
performs registration in the data provision DB within the
storage unit 532 by notifying the storage control unit 5333
of the acquirer ID, the device ID and the application ID
included in the data acquisition request.
[0367] When a request for acquiring data from the data
acquisition device 4 has been accepted, the request ac-
ceptance unit 5332 refers to the data provision DB stored
in the storage unit 532 and provides data transmitted by
an application indicated in the request, received via the
communication network N1, by transmitting the data to
the data acquisition device 4. In the data provision DB,
the acquirer ID corresponding to the data acquisition de-
vice 4 transmitting the data acquisition request and the
device ID of the communication device that is a target
from which data is provided to the data acquisition device
4 of the acquirer ID are associated. In the data provision
DB, the application ID of the application that is a target
from which data is provided to the data acquisition device
4 of the acquirer ID may be further associated.
[0368] The request acceptance unit 5332 may accept
requests for selecting the same application to be execut-
ed by the same communication device 1 from a plurality
of data acquisition devices 4. When the request accept-
ance unit 5332 has accepted the request for selecting
the same application to be executed by the same com-
munication device 1 from the plurality of data acquisition
devices 4, the communication control unit 5331 provides
the plurality of data acquisition devices 4 with data trans-
mitted by the application indicated in the request among
pieces of data received via the communication network
N1.
[0369] The storage control unit 5333 writes data to the
storage unit 532 or reads data stored in the storage unit
532 on the basis of instructions from the communication
control unit 5331 and the request acceptance unit 5332.
For example, the storage control unit 5333 causes the
storage unit 532 to store the device data received from
the communication terminal 2 by the communication con-
trol unit 5331 in association with the device ID and the
application ID.

[Communication sequence in communication system S]

[0370] Fig. 28 is a diagram showing a communication
sequence in the communication system S of the sixth
embodiment.
[0371] First, when a timing at which the collected in-
formation is transmitted has been reached (YES in
S511), the communication device 1 generates transmis-
sion data (S512) and transmits the transmission data to
the communication terminal 2. When the transmission
data is received, the communication terminal 2 stores
the received transmission data in the storage unit 523
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(S513).
[0372] Subsequently, the communication terminal 2
checks whether or not a timing for data transmission to
the data management device 3 has been reached
(S514). Details of the processing of step S514 will be
described below. When the timing for data transmission
has been reached (YES in S514), the communication
terminal 2 transmits the stored data to the data manage-
ment device 3. When the data is received, the commu-
nication control unit 5331 registers the received data in
the data provision DB within the storage unit 532 in as-
sociation with the communication terminal ID.

[Operation flowchart of communication terminal 2]

[0373] Fig. 29 is a flowchart of an operation in which
the communication terminal 2 processes device data ac-
cording to the sixth embodiment. When the device data
is received from the communication device 1 (S521), the
communication control unit 524 causes the storage unit
523 to store the received device data until a prescribed
amount (i.e., an amount of buffering) determined in any
one of the above methods has been reached (S522).
[0374] When the communication control unit 524 de-
termines that a prescribed amount of device data has
been stored (YES in S522), the communication control
unit 524 transmits the device data to the communication
network N1 in one packet (S523). The communication
control unit 524 iterates the operations of steps S521 to
S523 until the operation of turning off the power supply
of the communication terminal 2 is performed (NO in
S524).

[Advantageous effects of communication terminal 2]

[0375] In the conventional system, data indicating a
detection result of a sensor at an indicated timing is trans-
mitted. However, there is a problem in that a wireless
communication circuit is congested when data is trans-
mitted every time data to be transmitted is generated if
a frequency at which data to be transmitted is generated
is high. According to the sixth embodiment described
above, it is possible to reduce the probability that the
wireless communication circuit will be congested when
a large amount of data output from a device such as a
sensor is transmitted.
[0376] The communication terminal 2 according to the
sixth embodiment stores the device data output by the
communication device 1 and the communication control
unit 524 transmits stored device data after the device
data is stored in the storage unit 523 until a prescribed
amount set in association with at least either the com-
munication device 1 outputting device data or an attribute
of the device data has been reached. Thereby, because
the communication terminal 2 does not frequently trans-
mit a small volume of data to the communication network
N1, it is possible to reduce the resource occupancy rate
of the wireless communication circuit and reduce a prob-

ability that the communication network N1 will be con-
gested.

<Seventh embodiment>

[Configuration of communication system S]

[0377] A drawing showing a configuration of the com-
munication system S according to the seventh embodi-
ment is similar to Fig. 1 according to the first embodiment.
The communication system S includes a plurality of com-
munication devices 1, a communication terminal 2, a data
management device 3, and a data acquisition device 4.
The communication terminal 2 can transmit device data
received from the plurality of communication devices 1
to the data management device 3 via a communication
network N1 and a relay network N2.
[0378] A base station 5, the communication network
N1, and the relay network N2 are as described in the first
embodiment.
[0379] The communication device 1 is as described in
the first embodiment.
[0380] The communication terminal 2 receives a plu-
rality of pieces of device data from the plurality of com-
munication devices 1. As will be described in detail below,
the communication terminal 2 receives the received de-
vice data and transfers the device data to the data man-
agement device 3 by transmitting the received device
data to the communication network N1 on condition that
the received device data has changed by a prescribed
amount or a prescribed proportion or more. The "change
by the prescribed proportion or more" means that a ratio
of an amount of change in a value of data to a value of
data before the change is greater than or equal to a pre-
scribed value.
[0381] As described in the first embodiment, the data
management device 3 is, for example, a server managed
by a communication carrier that provides a service using
the communication network N1. The data management
device 3 provides the device data received from the com-
munication terminal 2 to the data acquisition device 4 via
the communication network N1 and the relay network N2.
[0382] Specifically, the data management device 3 col-
lects device data transmitted from the plurality of com-
munication devices 1 via the communication terminal 2
and the communication network N1. The data manage-
ment device 3 stores the received device data in a stor-
age medium such as a hard disk, and transmits the device
data itself or information generated on the basis of the
device data to the data acquisition device 4 in response
to a request from the data acquisition device 4 (4a, 4b,
or 4c).
[0383] The data acquisition device 4 is as described in
the first embodiment.
[0384] A flow of data in the communication system S
according to the seventh embodiment is similar to Fig. 2
according to the first embodiment.
[0385] Meanwhile, when there are a large number of

69 70 



EP 3 522 574 A1

37

5

10

15

20

25

30

35

40

45

50

55

communication terminals 2 accommodated in one base
station 5 and furthermore there are a large number of
communication devices 1 connected to the communica-
tion terminal 2, device data output by a large number of
communication devices 1 is transmitted to the commu-
nication network N1. Therefore, if each communication
device 1 periodically outputs a small amount of device
data, a probability that the communication network N1
will be congested may increase when the communication
terminal 2 transmits the received device data to the com-
munication network N1 every time device data is received
from a large number of communication devices 1.
[0386] Therefore, the communication terminal 2 ac-
cording to the present embodiment temporarily stores
the device data received from a large number of commu-
nication devices 1, monitors the presence or absence of
a change in the stored device data, and transmits the
device data to the base station 5 in accordance with de-
tection of the change. Thereby, because an amount of
the device data to be transmitted is reduced, it is possible
to prevent congestion from occurring in the communica-
tion network N1.

[Configuration of communication terminal 2]

[0387] Next, a configuration and an operation of the
communication terminal 2 will be described.
[0388] Fig. 30 is a diagram showing the configuration
of the communication terminal 2 according to the seventh
embodiment. The communication terminal 2 includes a
device communication unit 621, a network communica-
tion unit 622, a storage unit 623, and a communication
control unit 624.
[0389] The device communication unit 621 is a wire-
less communication interface for receiving data transmit-
ted by the communication device 1.
[0390] The network communication unit 622 is a wire-
less communication interface for transmitting the data
received from the communication device 1 to the com-
munication network N1. The network communication unit
622 can transmit and receive data to and from the base
station 5 of the communication network N1 in accordance
with, for example, an LTE standard.
[0391] The storage unit 623 has storage media such
as a ROM, a RAM, and a hard disk. The storage unit 623
stores a program for communication to be executed by
the communication control unit 624. Also, the storage
unit 623 stores the device data received from the com-
munication device 1 in association with a device ID of
the communication device 1 and a date and time received
from the communication device 1 on the basis of control
of the communication control unit 624.
[0392] Also, the storage unit 623 stores a transmission
determination threshold value for enabling the commu-
nication control unit 624 to determine that the device data
received from the communication device 1 has changed.
For example, the storage unit 623 stores the transmission
determination threshold value in association with each

of a plurality of communication devices 1. The storage
unit 623 may store the transmission determination
threshold value in association with each of a plurality of
applications executable by the communication device 1.
Thereby, the communication control unit 624 can control
an appropriate amount of data transmission using the
transmission determination threshold value suitable for
a trend in the device data output by the communication
device 1 or a trend in the device data output by the ap-
plication.
[0393] The communication control unit 624 is, for ex-
ample, a CPU, and causes the communication terminal
2 to operate by executing a communication program
stored in the storage unit 623. The communication control
unit 624 transmits, via the wireless communication cir-
cuit, latest device data received by the device communi-
cation unit 621 if a difference between latest device data
and immediately previous device data, which is stored in
the storage unit 623, associated with the same commu-
nication device 1 as that of the latest device data is great-
er than a prescribed transmission determination thresh-
old value.
[0394] Fig. 31 is a diagram showing an operation of
the communication control unit 624 according to the sev-
enth embodiment. A horizontal axis of Fig. 31 represents
time. A solid line represents a state in which a value of
device data changes. The value of the device data is, for
example, an output value of the sensor of the communi-
cation device 1. A broken line represents a state in which
an amount of change in the device data changes. The
amount of change increases at a timing when a change
in the value of the device data is large and at a timing
when a change in the value of the device data is small.
[0395] In the example shown in Fig. 31, the communi-
cation control unit 624 transmits data at four timings when
the amount of change has exceeded the transmission
determination threshold value. The communication con-
trol unit 624 pairs a value before the output value of the
device data changes with a value after the output value
changes at the timing when the amount of change has
exceeded the transmission determination threshold val-
ue to form a single packet and transmits the single packet
to the communication network N1 in association with a
clock time at which the amount of change has exceeded
the transmission determination threshold value.
[0396] For example, the communication control unit
624 transmits data of (T1, 0, 1) at clock time T1 of Fig.
31 and transmits data of (T2, 1, 0) at clock time T2. Also,
the communication control unit 624 transmits data of (T3,
0, 1) at clock time T3 and transmits data of (T4, 1, 0) at
clock time T4. Thereby, the communication control unit
624 can reduce an amount of data transmission as com-
pared with a case in which data such as, for example,
00001111000000000111111111000, is transmitted by
sampling the device data received from the communica-
tion device 1 at prescribed intervals.
[0397] The communication control unit 624 may wait
for a prescribed time from the timing at which the output
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value of the device data has changed and transmit data
indicating a change in an output value at a plurality of
timings in a single packet when there is a new change in
the output value during waiting. For example, when a
time between clock time T1 and clock time T2 in Fig. 31
is within a prescribed time, the communication control
unit 624 transmits data of (T1, 0, 1, T2, 1, 0). Thereby,
the communication control unit 624 can further reduce
the amount of data transmission.
[0398] When latest device data having a difference
greater than the transmission determination threshold
value is transmitted, the communication control unit 624
may transmit data having a difference less than or equal
to the transmission determination threshold value stored
in the storage unit 623 before the device data is trans-
mitted. For example, in the example shown in Fig. 31,
the communication control unit 624 transmits the device
data of a period from clock time T2 to clock time T3 at
clock time T3. Thereby, it is possible to transmit a large
amount of device data while reducing a data transmission
frequency compared to a case in which data is transmit-
ted every time device data is generated. When the data
transmission frequency is lowered, the communication
control unit 624 can reduce a resource occupancy rate
because a proportion of an overhead such as a trans-
mission destination address and a transmission source
address included in a packet to be transmitted is relatively
small.
[0399] Meanwhile, a degree of congestion in the wire-
less communication circuit varies with a time period, a
day of the week, a date, or the like. During a time period
when the radio communication circuit is not congested,
it may be preferable to transmit device data as much as
possible in place of reducing an amount of data trans-
mission. Therefore, the communication control unit 624
may determine the transmission determination threshold
value on the basis of at least one of a time period, a day
of the week, or a date. Also, the communication control
unit 624 may acquire a degree of congestion in the wire-
less communication circuit or a degree of congestion in
the base station 5 from the data management device 3
or the base station 5 and determine the transmission de-
termination threshold value on the basis of the acquired
degree of congestion. Thereby, it is possible to transmit
device data as much as possible while preventing the
wireless communication circuit from being congested.
[0400] The communication control unit 624 may deter-
mine the transmission determination threshold value on
the basis of statistical values of the plurality of pieces of
device data stored in the storage unit 623 in association
with the same communication device 1. For example, the
communication control unit 624 causes the storage unit
623 to store the device data received from the commu-
nication device 1 during a prescribed period and calcu-
lates a statistical value such as an average value or a
median value of the device data within the prescribed
period. Then, the communication control unit 624 sets a
value in which the statistical value is not included as the

transmission determination threshold value.
[0401] For example, when the statistical value is great-
er than or equal to 0 and less than 0.4 and is greater than
or equal to 0.6 and less than or equal to 1.0, the commu-
nication control unit 624 sets the transmission determi-
nation threshold value to 0.5 that is a value greater than
or equal to 0.4 and less than 0.6. In this manner, the
communication control unit 624 can determine an appro-
priate transmission determination threshold value with-
out being affected by noise included in device data by
determining the transmission determination threshold
value using the statistic value of the device data.
[0402] The communication control unit 624 may deter-
mine the transmission determination threshold value on
the basis of a state of the communication device 1 indi-
cated by the device data. The communication control unit
624 acquires information indicating the state of the com-
munication device 1 via the device communication unit
621 and increases a frequency at which device data is
transmitted by decreasing the transmission determina-
tion threshold value if the state of the communication
device 1 is a state in which the data acquirer is required
to check device data with high accuracy.
[0403] For example, when the communication control
unit 624 has received device data indicating that the com-
munication device 1 installed in a vending machine as-
sumed not to be moved has been moved, a manager of
the vending machine can ascertain small movement of
the communication device 1 by reducing the transmission
determination threshold value. Thereafter, the commu-
nication control unit 624 may increase the transmission
determination threshold value when it is determined that
the state of the communication device 1 has changed
and the communication device 1 has not moved for a
prescribed time.
[0404] The communication control unit 624 may ac-
quire the transmission determination threshold value
transmitted from the data management device 3 that
manages the device data via the wireless communication
circuit of the communication network N1 and the network
communication unit 622. For example, the communica-
tion control unit 624 may acquire a transmission deter-
mination threshold value set by the data acquirer or a
transmission determination threshold value determined
by the data management device 3 on the basis of a de-
gree of congestion in the wireless communication circuit
provided by the base station 5 to the communication ter-
minal 2 from the data management device 3 and use the
acquired transmission determination threshold value. In
this manner, the communication control unit 624 can use
the transmission determination threshold value suitable
for accuracy of data required by the data acquirer or a
degree of congestion in the wireless communication cir-
cuit.
[0405] Also, the communication control unit 624 may
receive a specified frequency at which the device data
is transmitted via the wireless communication circuit and
determine the transmission determination threshold val-
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ue on the basis of the specified frequency. For example,
the communication control unit 624 receives a specified
allowable transmission frequency determined by the
base station 5 on the basis of the degree of congestion
in the wireless communication circuit. The communica-
tion control unit 624 decreases the transmission deter-
mination threshold value as the allowable transmission
frequency increases and increases the transmission de-
termination threshold value as the allowable transmis-
sion frequency decreases. Thereby, the communication
control unit 624 can transmit data at a frequency suitable
for the situation of the wireless communication circuit.
[0406] The communication control unit 624 may deter-
mine the transmission determination threshold value by
machine learning. For example, the communication con-
trol unit 624 causes the storage unit 623 to store the
device data group during a prescribed period and trans-
mits the device data group to the data management de-
vice 3. Then, the communication control unit 624 ac-
quires the transmission determination threshold value
suitable for the device data group set by the administrator
of the data management device 3 and causes the storage
unit 623 to store the acquired transmission determination
threshold value in association with the device data group.
The communication control unit 624 associates a large
number of device data groups with transmission deter-
mination threshold values by performing similar process-
ing on various device data groups.
[0407] Thereafter, when the device data group is re-
ceived during a prescribed period, the communication
control unit 624 selects a transmission determination
threshold value corresponding to the received device da-
ta group with reference to the storage unit 623. Thereby,
the communication control unit 624 can determine the
transmission determination threshold value suitable for
a change pattern of the device data.
[0408] Fig. 32 is a table showing an example of rela-
tionships between a transmission method, a transmis-
sion interval, the number of transmissions per unit time,
and a radio resource occupancy rate according to the
seventh embodiment. The normal transmission method
is a method in which the communication terminal 2 trans-
mits all device data received from the communication
device 1 without using the transmission determination
threshold value. The transmission method during a
change is a method of transmitting device data at a timing
at which the communication terminal 2 has detected a
change in the device data.
[0409] In the example shown in Fig. 32, it can be seen
that the communication terminal 2 transmits device data
at a timing when the change in the device data has been
detected, so that the transmission interval increases and
the number of transmissions per unit time significantly
decreases. Then, it can be seen that the radio resource
occupancy rate due to transmission of the device data
also decreases greatly.

[Configuration of data management device 3]

[0410] Fig. 33 is a diagram showing a configuration of
the data management device 3 according to the seventh
embodiment. The data management device 3 includes
a communication unit 631, a storage unit 632, and a con-
trol unit 633.
[0411] The communication unit 631 includes a first
communication unit 6311 and a second communication
unit 6312. The first communication unit 6311 is a com-
munication interface for transmitting and receiving data
to and from the communication terminal 2 via the com-
munication network N1 and has, for example, a termina-
tion interface of a portable phone network. The first com-
munication unit 6311 may have a LAN interface for con-
necting with a termination device of the portable phone
network.
[0412] The second communication unit 6312 has a
communication interface for exchanging data with the
data acquisition device 4 via the relay network N2. The
second communication unit 6312 is, for example, a LAN
interface.
[0413] The storage unit 632 includes storage media
such as a ROM, a RAM, and a hard disk. The storage
unit 632 stores a communication terminal DB in which a
communication terminal ID and a device ID that is iden-
tification information of the communication device 1 with
which each communication terminal 2 can directly com-
municate without involving the base station 5 are asso-
ciated.
[0414] A drawing showing an example of a communi-
cation terminal DB according to the seventh embodiment
is similar to Fig. 6 according to the first embodiment. In
the communication terminal DB, an application ID that is
identification information of an application executable by
the communication device 1 with which the communica-
tion terminal 2 can communicate and an amount of trans-
mission data to be transmitted by each application during
one data transmission operation are stored in association
with the communication terminal ID.
[0415] Also, the storage unit 632 stores data transmit-
ted by the plurality of communication devices 1 received
from the communication terminal 2 in association with
the device ID of the communication device 1. Further-
more, the storage unit 632 may store a data provision
DB in which an acquirer ID of a data acquirer who ac-
cesses the data management device 3 via the data ac-
quisition device 4 and a device ID and an application ID
of the communication device 1 and the application reg-
istered as targets from which the data acquirer acquires
the data are associated.
[0416] The control unit 633 is, for example, a CPU, and
determines a timing at which each communication termi-
nal 2 transmits data by executing a program stored in the
storage unit 632.
[0417] The control unit 633 includes a communication
control unit 6331, a request acceptance unit 6332, a stor-
age control unit 6333, and a timing determination unit
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6334.
[0418] The communication control unit 6331 controls
transmission and reception of data to and from the com-
munication terminal 2. The communication control unit
6331 starts the reception of data from the communication
terminal 2 by notifying the communication terminal 2 ca-
pable of communicating with the communication device
1 that outputs data to be provided to the data acquisition
device 4 of an APN that is an address of a gateway of
the communication network N1. Also, the communication
control unit 6331 functions as a transmission unit that
transmits timing information indicating a timing deter-
mined by the timing determination unit 6334 to the com-
munication terminal 2 via the first communication unit
6311.
[0419] The communication control unit 6331 may ac-
quire, from the base station 5, a degree of congestion in
the base station 5 that provides the wireless communi-
cation circuit used by the communication terminal 2 and
determine the transmission determination threshold val-
ue used by the communication terminal 2 on the basis
of the acquired degree of congestion. The communica-
tion control unit 6331 provides the determined transmis-
sion determination threshold value to the communication
terminal 2.
[0420] The request acceptance unit 6332 accepts a
request for selecting a communication device 1 and an
application that are targets from which data is acquired
from the data acquisition device 4. The request accept-
ance unit 6332 transmits a list of communication devices
1 and applications that are targets from which data is
collected by the data management device 3 to the data
acquisition device 4 via the second communication unit
6312.
[0421] When the data acquirer selects the communi-
cation device 1 and the application, from which data is
desired to be acquired, from the list of communication
devices 1 and applications displayed via the data acqui-
sition device 4, the data acquisition device 4 transmits a
data acquisition request including information (e.g., a de-
vice ID and an application ID) for identifying the selected
communication device 1 and the selected application and
an acquirer ID to the data management device 3. When
the data acquisition request is received from the data
acquisition device 4, the request acceptance unit 6332
performs registration in the data provision DB within the
storage unit 632 by notifying the storage control unit 6333
of the acquirer ID, the device ID and the application ID
included in the data acquisition request.
[0422] When a request for acquiring data from the data
acquisition device 4 has been accepted, the request ac-
ceptance unit 6332 refers to the data provision DB stored
in the storage unit 632 and provides data transmitted by
an application indicated in the request, received via the
communication network N1, by transmitting the data to
the data acquisition device 4. In the data provision DB,
the acquirer ID corresponding to the data acquisition de-
vice 4 transmitting the data acquisition request and the

device ID of the communication device that is a target
from which data is provided to the data acquisition device
4 of the acquirer ID are associated. In the data provision
DB, the application ID of the application that is a target
from which data is provided to the data acquisition device
4 of the acquirer ID may be further associated.
[0423] The request acceptance unit 6332 may accept
requests for selecting the same application to be execut-
ed by the same communication device 1 from a plurality
of data acquisition devices 4. When the request accept-
ance unit 6332 has accepted the request for selecting
the same application to be executed by the same com-
munication device 1 from the plurality of data acquisition
devices 4, the communication control unit 6331 provides
the plurality of data acquisition devices 4 with data trans-
mitted by the application indicated in the request among
pieces of data received via the communication network
N1.
[0424] The storage control unit 6333 writes data to the
storage unit 632 or reads data stored in the storage unit
632 on the basis of instructions from the communication
control unit 6331 and the request acceptance unit 6332.
For example, the storage control unit 6333 causes the
storage unit 632 to store the device data received from
the communication terminal 2 by the communication con-
trol unit 6331 in association with the device ID and the
application ID.

[Operation flowchart of communication terminal 2]

[0425] Fig. 34 is a flowchart of an operation in which
the communication terminal 2 in the seventh embodiment
processes device data. When device data is received
from the communication device 1 (S611), the communi-
cation control unit 624 determines whether or not an
amount of change in the device data is greater than the
transmission determination threshold value (S612).
[0426] When it is determined that the amount of
change in the device data is greater than the transmission
determination threshold value (YES in S612), the com-
munication control unit 624 transmits the device data to
the communication network N1 (S613). The communi-
cation control unit 624 iterates the operations of steps
S611 to S613 until the operation of turning off the power
supply of the communication terminal 2 is performed (NO
in S614).

[Communication sequence in communication system S]

[0427] Fig. 35 is a diagram showing a communication
sequence in the communication system S of the seventh
embodiment. Fig. 35 shows a communication sequence
when the data management device 3 determines a trans-
mission determination threshold value.
[0428] First, the data management device 3 deter-
mines a transmission determination threshold value used
by the communication terminal 2 on the basis of, for ex-
ample, the degree of congestion in the wireless commu-
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nication circuit used by the communication terminal 2 ac-
quired from the base station 5 (S621). The data manage-
ment device 3 transmits the determined transmission de-
termination threshold value to the communication termi-
nal 2.
[0429] When the transmission determination threshold
value transmitted by the data management device 3 is
received, the communication terminal 2 causes the stor-
age unit 623 to store the received transmission determi-
nation threshold value (S622).
[0430] Subsequently, when a timing at which the col-
lected information is transmitted has been reached (YES
in S623), the communication device 1 generates trans-
mission data (S624) and transmits the transmission data
to the communication terminal 2. When the transmission
data is received, the communication terminal 2 stores
the received transmission data in the storage unit 623
(S625).
[0431] Subsequently, the communication terminal 2
checks whether or not a timing at which the data is trans-
mitted to the data management device 3 has been
reached (S626). When the timing at which the data is
transmitted has been reached (YES in S626), the com-
munication terminal 2 transmits the stored data to the
data management device 3. When the data is received,
the communication control unit 6331 registers the re-
ceived data in the data provision DB within the storage
unit 632 in association with the communication terminal
ID (S627).

[Advantageous effects of communication terminal 2]

[0432] In the conventional system, all data output by
the sensor is transmitted. Therefore, when the number
of sensors transmitting data using the same wireless
communication circuit increases, there is a problem in
that the wireless communication circuit is likely to be con-
gested. According to the seventh embodiment described
above, it is possible to make the congestion in the wire-
less communication circuit less likely to occur.
[0433] The communication terminal 2 according to the
seventh embodiment transmits, via the wireless commu-
nication circuit, latest device data received by the device
communication unit 621 if a difference between the latest
device data and immediately previous device data, which
is stored in the storage unit 623, associated with the same
communication device 1 as that of the latest device data
is greater than a prescribed transmission determination
threshold value. Thereby, because the communication
terminal 2 does not frequently transmit a small volume
of data to the communication network N1, it is possible
to reduce a resource occupancy rate of the wireless com-
munication circuit and reduce the probability that the
communication network N1 will be congested.
[0434] Although the first to seventh embodiments have
been described above, the plurality of embodiments de-
scribed above may be combined and applied to the com-
munication system S. Thereby, it is possible to more ef-

fectively minimize congestion in the wireless communi-
cation circuit.
[0435] According to the above-described embodiment,
the communication terminal 2 receives the device data
output by the communication device 1. Also, the commu-
nication terminal 2 transmits received device data to the
wireless communication circuit at a timing based on a
state of at least one of the communication terminal 2, the
wireless communication circuit, the communication de-
vice 1 and the device data or information indicating a
timing of transmission of the device data received from
the management device that externally manages the
communication terminal 2. Thereby, it is possible to min-
imize congestion in the wireless communication circuit
occurring in a case in which data processing is not per-
formed at an appropriate timing.
[0436] Although the present invention has been de-
scribed with reference to the embodiments, the technical
scope of the present invention is not limited to the scope
described in the above embodiments. It is obvious to a
person skilled in the art that various modifications or im-
provements can be added to the above embodiments.
In particular, specific embodiments of distribution and in-
tegration of devices are not limited to the configurations
shown in the drawings. It is possible to configure all or
some of devices by functionally or physically distributing
or integrating the devices in any units in accordance with
various additions or the like or in accordance with func-
tional loads.

INDUSTRIAL APPLICABILITY

[0437] According to the present invention, it is possible
to minimize congestion in a wireless communication cir-
cuit.

Reference Signs List

[0438]

1 Communication device
2 Communication terminal
3 Data management device
121 Device communication unit
122 Control unit
123 Network communication unit
124 Storage unit
131 Communication unit
1311 First communication unit
1312 Second communication unit
132 Storage unit
133 Control unit
1331 Communication control unit
1332 Request acceptance unit
1333 Storage control unit
1334 Timing determination unit
221 Device communication unit
222 Network communication unit
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223 Sensor
224 Storage unit
225 Control unit
2251 Movement detection unit
2252 Communication control unit
231 Communication unit
2311 First communication unit
2312 Second communication unit
232 Storage unit
233 Control unit
2331 Communication control unit
2332 Congestion degree identification unit
2333 Timing determination unit
2334 Request acceptance unit
2335 Storage control unit
321 Device communication unit
322 Network communication unit
323 Storage unit
324 Terminal control unit
331 Communication unit
3311 First communication unit
3312 Second communication unit
332 Storage unit
333 Control unit
3331 Identification unit
3332 Communication control unit
3333 Request acceptance unit
3334 Storage control unit
421 Device communication unit
422 Network communication unit
423 Storage unit
424 Communication control unit
431 Communication unit
4311 First communication unit
4312 Second communication unit
432 Storage unit
433 Control unit
4331 Communication control unit
4332 Request acceptance unit
4333 Storage control unit
521 Device communication unit
522 Network communication unit
523 Storage unit
524 Communication control unit
531 Communication unit
5311 First communication unit
5312 Second communication unit
532 Storage unit
533 Control unit
5331 Communication control unit
5332 Request acceptance unit
5333 Storage control unit
621 Device communication unit
622 Network communication unit
623 Storage unit
624 Communication control unit
631 Communication unit
6311 First communication unit

6312 Second communication unit
632 Storage unit
633 Control unit
6331 Communication control unit
6332 Request acceptance unit
6333 Storage control unit

Claims

1. A communication terminal for transmitting device da-
ta output by a communication device via a wireless
communication circuit, the communication terminal
comprising:

a device communication unit configured to re-
ceive the device data output by the communica-
tion device; and
a communication control unit configured to
transmit the device data received by the device
communication unit to the wireless communica-
tion circuit at a timing based on a state of at least
one of the communication terminal, the wireless
communication circuit, the communication de-
vice, and the device data or information indicat-
ing a timing of transmission of the device data
received from a management device that is con-
figured to externally manage the communication
terminal.

2. The communication terminal according to claim 1,
further comprising a movement detection unit con-
figured to detect whether or not the communication
terminal is moving,
wherein the communication control unit is configured
to transmit the device data when a first time has
elapsed from reception of device data transmitted
by the communication device if the movement de-
tection unit determines that the communication ter-
minal is moving and execute a delay mode in which
the device data is transmitted when a second time
longer than the first time has elapsed from the re-
ception of the device data or an erase mode in which
the transmission of the device data is stopped if the
movement detection unit determines that the com-
munication terminal is stopped, on the basis of the
state of the communication terminal.

3. The communication terminal according to claim 2,
wherein the communication control unit is configured
to execute the delay mode when the device data has
a first attribute and execute the erase mode when
the device data has a second attribute different from
the first attribute, if the movement detection unit de-
termines that the communication terminal is
stopped.

4. The communication terminal according to claim 3,
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wherein the communication control unit is configured
to execute the delay mode when the device data has
the first attribute in which a transmission frequency
is less than or equal to a prescribed threshold value
and is configured to execute the erase mode when
the device data has the second attribute in which the
transmission frequency is greater than the pre-
scribed threshold value, if the movement detection
unit determines that the communication terminal is
stopped.

5. The communication terminal according to any one
of claims 2 to 4, wherein the communication control
unit is configured to execute the delay mode or the
erase mode on condition that an instruction has been
received from the management device that is con-
figured to manage the communication terminal via
the wireless communication circuit.

6. The communication terminal according to any one
of claims 2 to 5, wherein the communication control
unit is configured to determine whether or not to
switch a process between when the movement de-
tection unit is configured to determine that the com-
munication terminal is moving and when the move-
ment detection unit is configured to determine that
the communication terminal is stopped, if a sector to
which the communication terminal belongs has been
switched in the wireless communication circuit.

7. The communication terminal according to any one
of claims 2 to 6, wherein the communication control
unit is configured to transmit position information in-
cluding a current position and a moving direction of
the communication terminal to the management de-
vice that is configured to manage a degree of con-
gestion in the wireless communication circuit and de-
termine whether to execute the delay mode or the
erase mode on the basis of information indicating
the degree of congestion in the wireless communi-
cation circuit received from the management device
after the position information is transmitted, if the
movement detection unit determines that the com-
munication terminal is stopped.

8. The communication terminal according to any one
of claims 2 to 7, wherein the communication control
unit is configured to transmit position information in-
cluding a current position and a moving direction of
the communication terminal to the management de-
vice that is configured to manage a degree of con-
gestion in the wireless communication circuit and
transmit the device data at a timing indicated by tim-
ing information received from the management de-
vice after the position information is transmitted, if
the movement detection unit determines that the
communication terminal is stopped.

9. The communication terminal according to claim 8,
wherein the communication control unit is configured
to transmit the position information including infor-
mation for identifying a sector of the wireless com-
munication circuit to which the communication ter-
minal belongs to the management device and trans-
mit the device data at the timing indicated by the
timing information, received from the management
device, for use after switching of the sector if the
sector of the wireless communication circuit to which
the communication terminal belongs has been
switched.

10. The communication terminal according to claim 1,
wherein the communication control unit is configured
to acquire a disconnection timing that is a timing at
which a base station for providing the wireless com-
munication circuit disconnects the wireless commu-
nication circuit on the basis of the state of the wireless
communication circuit and transmit the device data
via the wireless communication circuit at a timing
other than the acquired disconnection timing.

11. The communication terminal according to claim 1,
wherein the communication control unit is configured
to acquire the state of the communication device and
transmit the device data received by the device com-
munication unit to the wireless communication circuit
with a priority according to the state on the basis of
the acquired state.

12. The communication terminal according to claim 11,
wherein the communication control unit is configured
to determine whether the communication device is
in an initial state or a non-initial state on the basis of
the device data received from the communication
device and transmit the device data at a timing earlier
than that when it is determined that the communica-
tion device is in the non-initial state when it is deter-
mined that the communication device is in the initial
state.

13. The communication terminal according to claim 12,
further comprising a storage unit configured to store
a reception history indicating that the device com-
munication unit has received prescribed data trans-
mitted by the communication device in the initial
state,
wherein the communication control unit is configured
to determine that the communication device is in the
initial state if the reception history is not stored in the
storage unit at a point in time at which the prescribed
data has been received from the communication de-
vice.

14. The communication terminal according to claim 12
or 13, wherein the communication control unit is con-
figured to identify an application that transmitted the
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device data and determine that the communication
device is in the initial state if the identified application
is an application to be executed by the communica-
tion device in the initial state.

15. The communication terminal according to claim 14,
wherein the communication control unit is configured
to transmit the device data, which is output by an
application to be executed by the communication de-
vice in the initial state, with a priority higher than that
of the device data output by an application to be ex-
ecuted by the communication device in the non-initial
state.

16. The communication terminal according to claim 15,
wherein the communication control unit is configured
to determine the priority on the basis of a combination
of identification information of the communication
device and identification information of the applica-
tion outputting the device data.

17. The communication terminal according to any one
of claims 11 to 16, wherein the communication con-
trol unit is configured to determine the priority on the
basis of a time period during which the device data
is transmitted.

18. The communication terminal according to claim 17,
wherein the communication control unit is configured
to determine whether to transmit the device data with
the priority according to the state of the communica-
tion device, during each time period, on the basis of
a degree of congestion during each time period of
the wireless communication circuit.

19. The communication terminal according to any one
of claims 11 to 18, wherein the communication con-
trol unit is configured to sequentially transmit a plu-
rality of pieces of device data at a random timing in
a prescribed time range if the plurality of pieces of
device data having the same priority have been re-
ceived.

20. The communication terminal according to any one
of claims 15 to 18, wherein the communication con-
trol unit is configured to determine the priority on the
basis of a radio wave state of a frequency band for
use in the wireless communication circuit until the
device data is transmitted after reception of the de-
vice data.

21. The communication terminal according to claim 1,
further comprising a storage unit configured to store
the device data received by the device communica-
tion unit,
wherein the communication control unit is configured
to transmit the stored device data after the device
data is stored in the storage unit until a prescribed

amount set in association with at least either the com-
munication device outputting the device data or an
attribute of the device data has been reached, on
the basis of the state of the device data stored in the
storage unit.

22. The communication terminal according to claim 21,
wherein the communication control unit is configured
to transmit the stored device data after the device
data is stored in the storage unit until a total amount
of device data of a plurality of packets stored in the
storage unit or the total number of packets including
the device data stored in the storage unit reaches
the prescribed amount.

23. The communication terminal according to claim 21
or 22, wherein the communication control unit is con-
figured to transmit the stored device data after the
device data is stored in the storage unit until the pre-
scribed amount set on the basis of a frequency at
which the communication device outputs the device
data has been reached.

24. The communication terminal according to any one
of claims 21 to 23, wherein the communication con-
trol unit is configured to transmit the stored device
data after the device data is stored in the storage
unit until the prescribed amount set on the basis of
an attribute of the device data has been reached.

25. The communication terminal according to any one
of claims 21 to 24, wherein the communication con-
trol unit is configured to determine the prescribed
amount on the basis of details of the device data
received by the device communication unit.

26. The communication terminal according to any one
of claims 21 to 25,
wherein the device communication unit is configured
to receive a plurality of pieces of device data from a
plurality of communication devices, and
wherein the communication control unit is configured
to transmit the plurality of pieces of device data be-
fore the device data is stored until the prescribed
amount has been reached if device data having high-
priority is included in the plurality of pieces of device
data received within a prescribed period by the de-
vice communication unit.

27. The communication terminal according to any one
of claims 21 to 26, wherein the communication con-
trol unit is configured to transmit the stored device
data after the device data is stored in the storage
unit until the prescribed amount determined for each
of a plurality of applications executable by the com-
munication device has been reached.

28. The communication terminal according to claim 27,
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wherein the communication control unit also is con-
figured to transmit the device data output by another
application among the plurality of applications if the
device data output by one application is stored in the
storage unit until the prescribed amount correspond-
ing to the one application among the plurality of ap-
plications has been reached.

29. The communication terminal according to claim 27,
wherein the communication control unit is configured
to transmit the device data output by two or more
applications preset among the plurality of applica-
tions if the device data output by the two or more
applications is stored in the storage unit until the pre-
scribed amount corresponding to each of the two or
more applications has been reached.

30. The communication terminal according to any one
of claims 21 to 29, wherein the communication con-
trol unit is configured to transmit the stored device
data after the device data is stored in the storage
unit until the prescribed amount corresponding to a
transmission destination of the device data has been
reached.

31. The communication terminal according to any one
of claims 21 to 30, wherein the communication con-
trol unit is configured to transmit the stored device
data after the device data is stored in the storage
unit until the prescribed amount corresponding to a
time period during which the device data has been
received has been reached.

32. The communication terminal according to claim 1,
further comprising a storage unit configured to store
the device data received by the device communica-
tion unit in association with the communication de-
vice,
wherein the communication control unit is configured
to transmit, via the wireless communication circuit,
latest device data received by the device communi-
cation unit if a difference between the latest device
data and immediately previous device data, which
is stored in the storage unit, associated with the same
communication device as that of the latest device
data is greater than a prescribed transmission de-
termination threshold value on the basis of the state
of the device data stored in the storage unit.

33. The communication terminal according to claim 32,
wherein the communication control unit is configured
to transmit data for which the difference is less than
or equal to the transmission determination threshold
value stored in the storage unit before the device
data is transmitted when transmitting the latest de-
vice data for which the difference is greater than the
transmission determination threshold value.

34. The communication terminal according to claim 32
or 33, wherein the communication control unit is con-
figured to determine the transmission determination
threshold value on the basis of at least any one of a
time period, a day of the week, and a date.

35. The communication terminal according to any one
of claims 32 to 34, wherein the communication con-
trol unit is configured to determine the transmission
determination threshold value on the basis of a de-
gree of congestion in the wireless communication
circuit.

36. The communication terminal according to any one
of claims 32 to 35, wherein the communication con-
trol unit is configured to determine the transmission
determination threshold value on the basis of a de-
gree of congestion in a base station that is configured
to provide the wireless communication circuit.

37. The communication terminal according to any one
of claims 32 to 36, wherein the communication con-
trol unit is configured to determine the transmission
determination threshold value on the basis of a sta-
tistical value of a plurality of pieces of device data
stored in association with the same communication
device in the storage unit.

38. The communication terminal according to any one
of claims 32 to 37, wherein the communication con-
trol unit is configured to determine the transmission
determination threshold value on the basis of a state
of the communication device indicated by the device
data.

39. The communication terminal according to any one
of claims 32 to 38, wherein the storage unit stores
the transmission determination threshold value in
association with the communication device.

40. The communication terminal according to any one
of claims 32 to 39, wherein the storage unit stores
the transmission determination threshold value in
association with an application executable by the
communication device.

41. The communication terminal according to any one
of claims 32 to 40, wherein the communication con-
trol unit is configured to acquire, via the wireless com-
munication circuit, the transmission determination
threshold value transmitted from a device that is con-
figured to acquire the device data.

42. The communication terminal according to any one
of claims 32 to 39, wherein the communication con-
trol unit is configured to receive a specified frequency
at which the device data is transmitted via the wire-
less communication circuit and determine the trans-
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mission determination threshold value on the basis
of the specified frequency.

43. A communication method of transmitting device data
output by a communication device to be executed
by a computer provided in a communication terminal
via a wireless communication circuit, the communi-
cation method comprising:

receiving the device data output by the commu-
nication device; and
transmitting the received device data to the wire-
less communication circuit at a timing based on
a state of at least one of the communication ter-
minal, the wireless communication circuit, the
communication device, and the device data or
information indicating a timing of transmission
of the device data received from a management
device that is configured to externally manage
the communication terminal.

44. The communication method according to claim 43,
wherein it is further detected whether or not the com-
munication terminal is moving, and
wherein the transmitting includes transmitting the
device data when a first time has elapsed from re-
ception of device data transmitted by the communi-
cation device if it is detected that the communication
terminal is moving on the basis of the state of the
communication terminal and executing a delay mode
in which the device data is transmitted when a sec-
ond time longer than the first time has elapsed from
reception of the device data or an erase mode in
which the transmission of the device data is stopped
if it is detected that the communication terminal is
stopped.

45. The communication method according to claim 43,
wherein the state of the communication device is fur-
ther acquired, and
wherein the transmitting includes transmitting the re-
ceived device data to the wireless communication
circuit with a priority according to the state on the
basis of the acquired state.

46. The communication method according to claim 43,
wherein the received device data is further stored in
the storage unit, and
wherein the transmitting includes transmitting the
stored device data after the device data is stored in
the storage unit until a prescribed amount set in as-
sociation with at least either the communication de-
vice outputting the device data or an attribute of the
device data has been reached on the basis of the
state of the device data stored in the storage unit.

47. The communication method according to claim 43,
wherein the device data received from the device

communication unit is further stored in the storage
unit in association with the communication device,
and
wherein the transmitting includes transmitting, via
the wireless communication circuit, latest device da-
ta received from the communication device if a dif-
ference between the latest device data and immedi-
ately previous device data, which is stored in the
storage unit, associated with the same communica-
tion device as that of the latest device data is greater
than a prescribed transmission determination
threshold value on the basis of the state of the device
data stored in the storage unit.

48. A program for communication for causing a compu-
ter provided in a communication terminal to execute
a process of:

receiving device data output by a communica-
tion device connected with the communication
terminal via a wireless communication circuit;
and
transmitting the received device data to the wire-
less communication circuit at a timing based on
a state of at least one of the communication ter-
minal, the wireless communication circuit, the
communication device, and the device data or
information indicating a timing of transmission
of the device data received from a management
device that is configured to externally manage
the communication terminal.

49. The program for communication according to claim
48,
wherein the state of the communication device is fur-
ther acquired, and
wherein the transmitting includes transmitting the re-
ceived device data to the wireless communication
circuit with a priority according to the state on the
basis of the acquired state.

50. The program for communication according to claim
48,
wherein the received device data is further stored in
a storage unit, and
wherein the transmitting includes transmitting the
stored device data after the device data is stored in
the storage unit until a prescribed amount set in as-
sociation with at least either the communication de-
vice outputting the device data or an attribute of the
device data has been reached, on the basis of the
state of the device data stored in the storage unit.

51. The program for communication according to claim
48,
wherein the device data received from the commu-
nication device is further stored in the storage unit
in association with the communication device, and
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wherein the transmitting includes transmitting, via
the wireless communication circuit, latest device da-
ta received from the communication device if a dif-
ference between the latest device data and immedi-
ately previous device data, which is stored in the
storage unit, associated with the same communica-
tion device as that of the latest device data is greater
than a prescribed transmission determination
threshold value on the basis of the state of the device
data stored in the storage unit.

52. A communication system comprising:

a communication terminal configured to transmit
device data output by a communication device
via a wireless communication circuit; and
a management device configured to receive the
device data transmitted by the communication
terminal,
wherein the communication terminal includes
a device communication unit configured to re-
ceive the device data output by the communica-
tion device; and
a communication control unit configured to
transmit the device data received by the device
communication unit to the wireless communica-
tion circuit at a timing based on a state of at least
one of the communication terminal, the wireless
communication circuit, the communication de-
vice, and the device data, and
wherein the management device includes a
transmission unit configured to acquire informa-
tion related to the communication terminal and
provide the acquired information to the commu-
nication terminal.

53. The communication system according to claim 52,
wherein the communication terminal further includes
a terminal transmission unit configured to transmit
position information indicating a position of the com-
munication terminal to the management device; and
a movement detection unit configured to detect
whether or not the communication terminal is mov-
ing,
wherein the communication control unit is configured
to transmit the device data when a first time has
elapsed from reception of device data transmitted
by the communication device if the movement de-
tection unit determines that the communication ter-
minal is moving and execute a delay mode in which
the device data is transmitted when a second time
longer than the first time has elapsed from the re-
ception of the device data or an erase mode in which
the transmission of the device data is stopped if the
movement detection unit determines that the com-
munication terminal is stopped, on the basis of the
state of the communication terminal,
wherein the management device further includes

an information reception unit configured to receive
the position information from the communication ter-
minal;
an acquisition unit configured to acquire a degree of
congestion in the wireless communication circuit on
the basis of the position information; and
a determination unit configured to determine the first
time and the second time on the basis of the degree
of congestion acquired by the acquisition unit, and
wherein the transmission unit is configured to trans-
mit the information including the first time and the
second time to the communication terminal.

54. The communication system according to claim 52,
wherein the communication terminal further includes
a storage unit configured to store the device data
received by the device communication unit in asso-
ciation with the communication device,
wherein the communication control unit is configured
to transmit, via the wireless communication circuit,
latest device data received by the device communi-
cation unit if a difference between the latest device
data and immediately previous device data, which
is stored in the storage unit, associated with the same
communication device as that of the latest device
data is greater than a prescribed transmission de-
termination threshold value, and
wherein the transmission unit is configured to deter-
mine the transmission determination threshold value
used by the communication terminal and provide the
information including the determined transmission
determination threshold value to the communication
terminal.

55. A management device for managing a timing at
which a communication terminal, which transmits
device data output by a communication device to a
base station via a wireless communication circuit,
transmits the device data, the management device
comprising:

an acquisition unit configured to acquire a timing
related to communication of the device data; and
a communication control unit configured to
transmit timing information indicating the timing
to the communication terminal.

56. The management device according to claim 55,
wherein the acquisition unit is configured to acquire
the timing at which each of a plurality of communi-
cation terminals is configured to transmit a plurality
of pieces of device data, and
wherein the communication control unit is configured
to transmit the timing information indicating the tim-
ing acquired by the acquisition unit to the plurality of
communication terminals.

57. The management device according to claim 56,
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wherein the acquisition unit is configured to acquire
the timing on the basis of a number of communication
terminals within a sector of the same base station
that is configured to provide the wireless communi-
cation circuit.

58. The management device according to claim 56 or
57, wherein the acquisition unit is configured to ac-
quire the timing on the basis of a number of commu-
nication devices with which the plurality of commu-
nication terminals within a sector of the same base
station that is configured to provide the wireless com-
munication circuit communicate.

59. The management device according to claim 57 or
58, wherein the acquisition unit is configured to ac-
quire the timing on the basis of a priority of an appli-
cation outputting data to be transmitted, via the wire-
less communication circuit, by the communication
device with which the communication terminal com-
municates.

60. The management device according to any one of
claims 56 to 59, wherein the acquisition unit is con-
figured to acquire a scheduled transmission clock
time at which each of the plurality of communication
terminals is scheduled to transmit data and acquire
the timing on the basis of the scheduled transmission
clock time.

61. The management device according to any one of
claims 56 to 60, wherein the acquisition unit is con-
figured to acquire a scheduled transmission clock
time at which each of the plurality of communication
terminals is scheduled to transmit data and a sched-
uled amount of transmission that is an amount of
data scheduled to be transmitted and acquire the
timing on the basis of a relationship between an al-
lowable amount of transmission corresponding to a
time period including the scheduled transmission
clock time and a total value of the scheduled amount
of transmission corresponding to the same time pe-
riod.

62. The management device according to claim 61,
wherein the transmission unit is configured to trans-
mit the timing information updated in accordance
with a change in the scheduled amount of transmis-
sion corresponding to the same time period to at least
one communication terminal among the plurality of
communication terminals.

63. The management device according to any one of
claims 56 to 62, wherein the transmission unit is con-
figured to transmit the timing information to the com-
munication terminal during a prescribed time period
on condition that a prescribed number (≥2) of com-
munication terminals or more are scheduled to trans-

mit data during the prescribed time period.

64. The management device according to any one of
claims 56 to 63, wherein the transmission unit is con-
figured to acquire a priority of data scheduled to be
transmitted by each of the plurality of communication
terminals and transmit the timing information to the
communication terminal during a time period when
a ratio of data having the priority higher than a pre-
scribed priority is greater than a prescribed value.

65. The management device according to any one of
claims 56 to 64, wherein the acquisition unit is con-
figured to acquire a deadline in which the communi-
cation terminal transmits data and acquire the timing
so that the communication terminal is able to transmit
data before the acquired deadline.

66. The management device according to any one of
claims 56 to 65, wherein the acquisition unit is con-
figured to acquire the timing on the basis of an at-
tribute of the communication terminal.

67. The management device according to any one of
claims 56 to 66, wherein the acquisition unit further
is configured to acquire the timing on the basis of
the number of communication terminals using a relay
network in which a plurality of base stations are ac-
commodated.

68. The management device according to any one of
claims 56 to 67, wherein the acquisition unit is con-
figured to acquire timings, at which at least two com-
munication terminals among the plurality of commu-
nication terminals transmit data for requesting up-
dating of firmware, as different timings.

69. The management device according to claim 55,
wherein the acquisition unit is configured to acquire
a disconnection timing that is the timing at which the
base station disconnects the wireless communica-
tion circuit, and
wherein the communication control unit is configured
to transmit the timing information including the dis-
connection timing acquired by the acquisition unit to
the communication terminal.

70. A management method for managing a plurality of
communication terminals that transmit a plurality of
pieces of data output by a plurality of communication
devices via a wireless communication circuit, the
management method comprising:

acquiring timings at which each of the plurality
of communication terminals transmits the plu-
rality of pieces of data; and
transmitting timing information indicating the
timings that have been determined to the plural-
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ity of communication terminals.

71. A communication control method of controlling a tim-
ing at which a communication terminal transmits, via
a wireless communication circuit, device data output
by a communication device, the communication con-
trol method comprising:

acquiring, by a computer, a disconnection timing
that is a timing at which a base station for pro-
viding the wireless communication circuit used
by the communication terminal disconnects the
wireless communication circuit;
transmitting the disconnection timing acquired
by the computer to the communication terminal;
and
transmitting, by the communication terminal re-
ceiving a notification of the disconnection timing,
the device data received from the communica-
tion device via the wireless communication cir-
cuit at a timing other than the disconnection tim-
ing.

72. A communication system comprising:

a communication terminal configured to transmit
device data output by a communication device
via a wireless communication circuit; and
a management device configured to manage a
timing at which the communication terminal
transmits the device data,
wherein the management device includes
an acquisition unit configured to acquire a timing
related to communication of the device data; and
a communication control unit configured to
transmit timing information indicating the timing
to the communication terminal, and
wherein the communication terminal includes
a device communication unit configured to re-
ceive the device data;
a terminal reception unit configured to receive
the timing information transmitted by the com-
munication control unit; and
a terminal control unit configured to transmit, via
the wireless communication circuit, the device
data received by the device communication unit
on the basis of the timing information.

73. The communication system according to claim 72,
wherein the acquisition unit is configured to acquire
the timing at which each of a plurality of communi-
cation terminals transmits a plurality of pieces of de-
vice data,
wherein the communication control unit is configured
to transmit the timing information indicating the tim-
ing acquired by the acquisition unit to the plurality of
communication terminals, and
wherein the terminal control unit is configured to

transmit data on the basis of a timing indicated by
the timing information received by the terminal re-
ception unit.

74. The communication system according to claim 72,
wherein the acquisition unit is configured to acquire
a disconnection timing that is a timing at which a
base station disconnects the wireless communica-
tion circuit,
wherein the communication control unit is configured
to transmit the timing information including the dis-
connection timing acquired by the acquisition unit to
the communication terminal; and
wherein the terminal control unit is configured to
transmit the device data received by the device com-
munication unit via the wireless communication cir-
cuit at a timing other than the disconnection timing
included in the timing information received by the
terminal reception unit.

75. The communication system according to claim 74,
wherein the terminal control unit is configured to
transmit sector information for identifying the base
station to which the communication terminal belongs
to the management device, and
wherein the communication control unit is configured
to notify the communication terminal of the discon-
nection timing in the base station acquired on the
basis of the sector information.

76. The communication system according to claim 74 or
75,
wherein the communication control unit further is
configured to notify the communication terminal of a
disconnection period during which the base station
disconnects the wireless communication circuit, and
wherein the terminal control unit is configured to
transmit the device data via the wireless communi-
cation circuit during a period other than the discon-
nection period.

77. The communication system according to any one of
claims 74 to 76, wherein the communication control
unit provides a notification of the disconnection tim-
ing using connection control information used in con-
nection control of the wireless communication circuit.

78. The communication system according to any one of
claims 74 to 77, wherein the terminal control unit
temporarily holds the device data in a storage unit
without transmitting the device data during a pre-
scribed period before the disconnection timing that
is notified from the communication control unit.

79. The communication system according to claim 78,
wherein the terminal control unit is configured to de-
termine the prescribed period on the basis of a com-
munication delay time between the communication
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terminal and the base station.

80. The communication system according to claim 78 or
79, wherein the terminal control unit is configured to
determine the prescribed period on the basis of an
amount of device data received from the communi-
cation device.

81. The communication system according to any one of
claims 78 to 80, wherein the terminal control unit is
configured to determine the prescribed period in a
length differing for each application in which the com-
munication device transmits the device data.

82. The communication system according to any one of
claims 78 to 81, wherein the terminal control unit is
configured to transmit the device data held in the
storage unit when a random time has elapsed after
an end of the disconnection timing.
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